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HLA BINDTWB PttPTTflBS Mm Tffiq n PSTg ; 

The present application is a continuation in part of 
USSH 08/027,746 which is a continuation in part of USSN 
07/926,666, which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers, in 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) molecules and 
inducing an immune response. 

MHC molecules are classified as either class i or 
Class II molecules, class II MHC molecules are expressed 
primarily on cells involved in initiating and sustaining 
immune responses, such as T lymphocytes, B lymphocytes, 
macrophages, etc. class II MHC molecules are recognized by 
helper T lymphocytes and induce proliferation of helper T 
lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. Class I MHC 
molecules are expressed on almost all nucleated cells and are 
recognized by cytotoxic T lymphocytes (CTLs) , which then 
destroy the antigen-bearing cells. CTLs are particularly 
important in tumor rejection and in fighting viral infections. 
The CTL recognizes the antigen in the form of a peptide 
fragment bound to the MHC class I molecules rather than the 
intact foreign antigen itself; The antigen must normally be 
endogenously synthesized by the cell, and a portion of the 
protein antigen is degraded into small peptide fragments in 
the cytoplasm, some of these small peptides translocate into 
a pre-Golgi compartment aria interact with class I heavy chains 
to facilitate proper folding and association with the subunit 
B2 microglobulin. The peptide-MHC class I complex is then 
routed to the cell surface for expression and potential 
recognition by specific CTLs. 



Investigations of the crystal structure of the human 
MHC class I molecule, HIA-A2.1, indicate that a peptide 
binding groove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al.. Nature 
329:506 ( 1987). In these investigations, however, the 
identity of peptides bound to the groove was not determined. 

Buus et al.. Science 242:1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Palk et al., Nature 
351:290 (1991) have developed an approach to characterize 
naturally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 
eluted from class I molecules of the B type (Jardetzky, et 
al., HatSCe 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al., science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by Rtttzschke and Palk (Rdtzschke 
and Palk, Immunol, Today i2iiA7 (1991). 

Sette et al., Proc. Natl. Acad, Sci- nsiy 86:3296 ; 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al. , Proc. Natl, 
frcaflt ?Cii qgft 86:4649 (1989) showed that MHC binding was 
related to immunogenicity. Several authors (De Bruijn et al., 
BmTt J» Immunol., 21:2963-2970 (1991); Pamer et al., 991 
Hatace 353:852-955 (1991)) have provided preliminary evidence 
that class I binding motif s can be applied to the . 
identification of potential immunogenic peptides in animal 
models. Class I motifs specific, for a number of human alleles 
of a given class I isotype have yet to be described* It is 
desirable that the combined frequencies of these different 
alleles Should be high enough to cover a large fraction or 
perhaps the majority of tfie human outbred population. 

Despite the developments in the art, the prior art 
has yet to provide a useful human peptide-based vaccine or 
therapeutic agent based on this work* The present invention 
provides these and other advantages. 



STOBORY OF THE INVEHTIOM 
The present invention provides compositions 
comprising immunogenic peptides having binding motifs for MHC 
Class I molecules. The immunogenic peptides are typically 
between about 8 and about 11 residues and comprise conserved 
residues involved in binding proteins encoded by the 
appropriate MHC allele. A number of allele specific motifs 
have been identified. 

For instance, the motif for HIA-A3.2 comprises from 
the H-terminus to C-terminus a first conserved residue of L, 
H, I, V, s f A, T and P at position 2 and a second conserved' 
residue of K, R or Y at the C-terminal end. other first 
conserved residues are C, G or D and alternatively E. other 
second conserved residues are H or P. The first and second 
conserved residues are preferably separated by 6 to 7 
residues. 

The motif for HIA-A1 comprises from the H-terminus 
to the C-terminus a first conserved residue of t, s or M, a 
second conserved residue of 0 or E, and a third conserved 
residue of y. other second conserved residues are A, s or T. 
The first and second conserved residues are adjacent and are 
preferably separated from the third conserved residue by 6 to 
7 residues, a second motif consists of a first conserved 
residue of E or D and a second conserved residue of y where 
the first and second conserved residues are separated by 5 to 

6 residues. - 

The motif for HLA-A11 comprises from the H-terminus 
to the C-terminus a first conserved residue of T or V at 
position 2 and a C-terminal conserved residue of K. The first 
and second conserved residues are preferably separated by 6 or 

7 residues. 

The motif for HLA-A2 4.1 comprises from the N- 
terminus to the C-terminus a first conserved residue of Y, p 
or W at position 2 and a C terminal conserved residue of p, I, 
W, M or L. The first and second conserved residues are ' 
preferably separated by 6 to 7 residues. 

Epitopes on a number of potential target proteins 
can be identified in this. manner. Examples of suitable 



antigens include prostate specific antigen (PSA), hepatitis B 
core and surf ace antigens (HBVc, HBVs) hepatitis c antigens, 
malignant melanoma antigen (MAGE-i) Epstein-Barr virus 
antigens, human immmodeficiency type-l virus (HIVl) and 
papilloma virus antigens. The peptides are thus useful in 
pharmaceutical compositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

The term -peptide" is used interchangeably with 
"oligopeptide* in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-amino 
and carbonyl groups of adjacent amino acids. The 
oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which 
comprises an allele-specific motif such that the peptide will 
bind the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class 1 MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived. 

A "conserved residue" is an amino acid which occurs 
in a significantly higher frequency than would be expected by 
random distribution at a particular position in a peptide 
motif. Typically a conserved residue is one at which the 
immunogenic peptide may provide a contact point with the MHC 
molecule. One to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for an 
immunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specific" pockets of the groove itself. 
Typically, an immunogenic peptide will comprise up to three 
conserved residues, more usually two conserved residues. 

As used herein, "negative binding residues" are 
amino acids which if present at certain positions will result 



in a peptide being a nonbinder or poor binder and in turn fail 
to induce a CTL response despite the presence of the 
appropriate conserved residues within the peptide. 

The term "motif" refers to the pattern of residues 
in a peptide of defined length, usually about 8 to about 11 
amino acids r which is recognized by a particular MHC allele. 
The peptide motifs are typically different for each human MHC 
allele and differ in the pattern of the highly conserved 
residues. 

The binding motif for an allele can be defined with 
increasing degrees of precision. In one case, all of the 
conserved residues are present in the correct positions in a 
peptide and there are no negative binding residues present. 

The phrases "isolated" or "biologically pure" refer 
to material which is substantially or essentially free from 
components which normally accompany it as found in its native 
state. Thus, the peptides of this invention do not contain 
materials normally associated with their in situ environment, 
e.g., MHC I molecules on antigen presenting cells. Even where 
a protein has been isolated to a homogenous or dominant band, 
there are trace contaminants in the. range of 5-10% of native 
protein which co-purify with the desired protein. Isolated 
peptides of this invention do not contain such endogenous co- 
purified protein. 

The term "residue" refers to an amino acid or amino 
acid mimetic incorporated in an oligopeptide by an amide bond 
or amide bond mimetic. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a flow diagram of an HLA-A purification 

scheme. 

5 Fig* 2 is an SDS-PAGE analysis of affinity purified. 

HLA-A3.2 from the cell line EHM using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 

Lane l - Molecular weight standards. 

Lane 2 - A3. 2 acid eluate 
10 Lane 3 - A3. 2 a second acid eluate 

Lane 4 - Base elution #1 

Lane 5 - Base elution /2 

Lane 6 - Concentrated base elution 1 

Lane 7 - Concentrated base elution 2 

Lane 8 - BSA - 10 fig 

Lane 9 - BSA - 3 §iq 

Lane 10 - BSA r- 1 fig 

Fig. 3 shows reverse phase high performance liquid 
chromatography (RP-HPLC) separation of HLA-A3 acid eluted 
20 peptides. 

Fig. 4 shows binding of a radioactiyely labeled 
peptide of the invention to MHC molecules as measured by the t 
bound radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
25 the invention to MHC molecules in the presence of three 

peptides [HBc 18-27 (924.07), a Prostate specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHC 
concentration in the presence or absence of p 2 microglobulin. 

Fig. 7 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide.. 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent Kj, of 6nM» 

Fig. 9 shows the binding of a radioactively labeled 
35 peptide of the invention to MHC Al as measured by % bound 
reactivity. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 
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Fig* II Scatchard Analysis ©f binding to MHC Al 
confirming an apparent Kj, .of .2itiM. 

Fig. 12 shows the binding of two peptides of this 
invention as a function of MHC A24 concentration as measured 
by % bound reactivity. 

Fig. 13 shows the dose .dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides. 

Figs. 14(a) and 14(b) show the Scatchard Analysis of 
binding to MHC A24 of the two peptides confirming a K D of 30 
and 60AM, respectively. 

Fig. 15 shows the effect on MHC class l molecules of 
02nicroglobulin and a peptide of choice on acid-stripped PHA 
blasts. 

Fig. 16 shows CTL induction using GC43 A2.1 
responders and autologous acid-stripped PBMCs or PHA blasts 
loaded with the 777.03-924.07-927.32 peptide pool. 

Fig. 17 shows CTL induction using X351 or X355 A2.1 
responders and autologous acid stripped PBMCs or PHA blasts as 
stimulators after loading with the 1044.04-1044.05-1044.06 
peptide pool. 

Fig. 18 shows CTL induction using GC49 A2*l 
responders and Autologous Acid stripped PHA blasts as 
stimulators after loading with 939.03 peptide. 

Fig. 19 shows CTL induction using 6C66 Al responders 
and autologous acid stripped PBMCs as stimulators after 
loading of peptide 938.01. 

Fig. 20 illustrates the lysis of peptide sensitized 
targets and endogenous targets following stimulation with SAC- 
I activated PBMCs loaded with a MAGE 3 peptide. 

Fig. 21 shows a comparison of the acid strip loading 
with the cold temperature incubation. 

Fig. 22 shows a CTL response to an immunogenic 
peptide for MAGE/Ali. 

Fig. 23 shows a~CTL response to an immunogenic 
peptide for HIV/ A3. 

Fig. 24 shows a CTL response to an immunogenic 
peptide for HCV/A3. 
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Fig* 25 shows a cm* response to an immunogenic 
peptide for HBV/A1. 

DESCRIPTION OP THE PREFERRED EMBODIMENTS 
The present invention relates to the determination 
of allele-specific peptide motifs for human Class I MHC 
(sometimes referred to as HLA) allele subtypes* These motifs 
are then used to define T celi epitopes from any desired 
antigen, particularly those associated with human viral 
diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis c antigens, 
Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE-1) , 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus <HPV) antigens. 

Peptides comprising these epitopes are synthesized 
and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/or cells expressing 
empty class I molecules by, for instance, immunofluorescent 
staining and flow microf luorimetry, peptide-dependent class I 
assembly assays, and inhibition of CTL recognition by peptide 
competition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary in vitro or in 
Sim CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A, 
B, and C loci. HLA-A and*B antigens are expressed at the cell 
surface at approximately equal densities, whereas the 
expression of HLA-C is significantly lower (perhaps as much as 
10-fold lower). Each of these loci have a number of alleles. 
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TtaB peptide binding motif s of the invention are relatively 
specific for each allelic subtype. 

For peptide-based vaccines, the peptides of the 
present invention preferably comprise a motif recognized by ax 
MHC I molecule having a wide distribution in the human 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target MHC allele may depend upon the target 
population. Table 1 shows the frequency of various alleles at 
the HIA-A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HLA-A allele subtypes, 
specifically HLA-A2.1, Al, A3. 2, and A24.1. Similarly, the 
majority of the Asian population is encompassed with the 
addition of peptides binding to a fifth allele HLA-A11.2. 
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TABLE 1 

A AUelefSubtYps H£S2ll A*54i CfSQ2> 

f* , 10.1(7) 1.8(1) 27.4(138) 

P* 1 11.5(8) 37.0(20) 39.8(199) 

J2.2 10.1(7) 0 3.3(17) 

J2.3 1.4(1) 5.5(3) 0.8(4) 

A2.5 - _ 

A3.1 1.4(1) 0 0.2(0) 

A?' 2 5.7(4) 5.5(3) 21.5(108) 

All.l 0 5.5(3) 0 

All-2 5.7(4) 31.4(17) 8.7(44) 

All»3 0 3.7(2) 0 

J23 4.3(3) - 3.9(20) 

J2J 2.9(2) 27.7(15) 15.3(77) 

A24 • 2 • — . _ 

A24.3 - _ 

J?!, 1 - 4 < 1 > ' 6.9(35) 

4 - 3 ( 3 ) 9.2(5) 5.9 30) 

J2«-2 7.2(5) - i.o 5) 

A26V - 3.7(2) 

A29.1 1-4(1) - 1-4(7) 

J2J.2 10 y 7) 1.8(1, 5.3(27) 

A30.1 8.6(6) - 4.9(25) 

A30.2 1.4(1) - 0.2 1) 

A3J.3 7.2(5) - 3.9 20). 

JS t'.llll . I- 4 < 4 > ••;<$ 

AW33.1 8.6 6 - llltSl 

AV34.1 1.4(1) - ' 

AW34.2 14.5(10) - a .8(4) 

AW36 5.9<4) - _ * ' 

Table compiled from B. DuPont, Immunobioloav of wt.» vol. 
I, Histocompatibility Testing 1987, Springer-Verlag, New York 

* M - negroid; A = Asian; c - caucasoid. Numbers in 

parenthesis represent the number of individuals included in 
the analysis. 

The nomenclature used to. describe peptide compounds 
follows the conventional practice wherein the amino group is 
presented to the left (the" N-terminus) and the carboxyl group 
to the right (the C- terminus) of each amino acid residue. In 
the formulae representing selected specific embodiments of the. 
present invention, the amino- and car boxy 1-terminal groups, 
although not specifically shown, are in the form they would 
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assume at physiologic pH values, unless otherwise specified. 
In the amino acid structure formulae, each residue is 
generally represented by standard three letter or single 
letter designations. The L-form of an amino acid residue is 
represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-form for those 
amino acids is represented by a lover case single letter or a 
lover case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as "Gly" or G. 

The procedures used to identify peptides of the 
present invention generally follov the methods disclosed in 
Falk et al. f Mature 351:290 (1991), vhich is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by 
immunoprecipitation or affinity chromatography, from the 
appropriate cell or cell line. Examples of other methods for 
isolation of the desired MHC molecule equally veil known to 
the artisan include ion exchange chromatography, lectin 
chromatography, size exclusion, high performance ligand 
chromatography, and a combination of all of the above 
techniques. 

A large number of cells with defined MHC molecules, 
particularly MHC Class I molecules, are knovn and readily 
available. For example, human EBV-transformed B cell lines 
have been shown to be excellent sources for the preparative 
isolation of class I and claBS IX MHC molecules. 
Well-characterized cell lines are available from private and 
commercial sources, such as American Type Culture Collection 
("Catalogue of Cell Lines and Hybridomas," 6th edition (1988) 
Rockville, Maryland, U. S .a. ) ; National Institute of General 
Medical Sciences 1990/1991 Catalog of Cell Lines (NIGMS) Human 
Genetic Mutant Cell Repository, Camden, NJ; and ASHI 
Repository, Bingham and Women's Hospital, 75 Francis Street, 
Boston, MA 02115. Table 2 lists some B cell lines suitable 
for use as sources for HLA-A alleles. All of these cell lines 
can be grown in large batches and are therefore useful for 
large scale production of MHC molecules, one of skill will 
recognize that these are merely exemplary cell lines and that 
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many other cell sources can be employed. Siid3^/-^^-»::&^L- 
lilies homozygous for HIA-B and HLA-C could serve ad sources 
for HLA-B and HLA-C alleles, respectively. 
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TABLE 2 

HUMAN CELL LINES (HLA-A SOURCES) 
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35 



40 



HLA-A allele b cell line 

A1 - ~ MAT 

COX (9022) 

STEINLIN 

(9087) 



15 A2.1 



20 A3. 2 



25 A24.1 



3 <> All 



JY 



EHM (9080) 

BO301 (9055)GM3107 



KT3(9107),TI5I (9042) 



BVR (GH6828A) 
WT100 (GM8602),WT52 
(GM8603) 



In the typical case, immunoprecipitation is used to 
isolate the desired allele. A number of protocols can be 
used, depending upon the specificity of the antibodies used. 
Por example, allele-specific mAb reagents can be used for the 
affinity purification of the HLA-A, HLA-B, and HLA-c 
molecules. Several mAb reagents for the isolation of HLA-A 
Molecules are available (Table 3) . Thus, for each of the 
targeted HLA-A alleles, reagents are available that may be 
45 used for the direct isolation of the HLA-A molecules. 

Affinity columns prepared with these mAbs using standard 
techniques are successfully used to purify the respective 
HLA-A allele products. 

in addition. to allele-specific mAbs, broadly 
reactive anti-HLA-A, B, C mAbs, such as W6/32 and B9.12.1, and 



50 
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one anti-HLA-B, C mAb, B1.23*2, could be used in alternative 
affinity purification protocols as described in the example 
section below. 

TABLE 3 
ANTIBODY REAGENTS 

anti-HLA Name " 



12/18 

GAPA3 (ATCC, HB122) 

A11.1M (ATCC, HB164) 
W6/32 (ATCC, HB95) 

B9.12.1 ( INSERM-CNRS ) 
B. 1.23,2 (INSERH-CNRS) 



HLA-A1 
HLA-A3 
HLA-11,24.1 
HLA-A,B,C 

monomorphic 
HLA-B,C 

monomorphic 



The peptides bound to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 
molecules by a variety of standard denaturing means, such as 
heat, pH, detergents, salts, chaotropic agents, or a 
.combination thereof. 

Peptide fractions are further separated from the MHC 
molecules by reversed-phase high performance liquid 
chromatography (KPLC) and sequenced. Peptides can be 
separated by a variety of other standard means well known to 
the artisan, including filtration, ultrafiltration, 
electrophoresis, size chromatography, precipitation with 
specific antibodies, ion exchange chromatography, 
isoelectrofocusing, and the like. 
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Sequencing of the isolated peptides can be performed 
according to standard techniques such las Edman degradation 
(Bunkapiller, et Methods Bnzvnol- 91 r w> f i9 83]) . 

Other methods suitable for sequencing include mass 
5 spectrometry sequencing of individual peptides as previously 
described (Bunt, et al. f Ssisnse 225:1261 (1992) , which is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides f e.a, . pooled HPLC fractions) from 
different class I molecules typically reveals a characteristic 
10 sequence motif for each class I allele. 

Definition of motifs specific for different class 1 
alleles allows the identification of potential peptide 
epitopes from an antigenic protein whose amino acid sequence 
is known. Typically, identification of potential peptide 
15 epitopes is initially carried out using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs. The epitopic sequences are then synthesized. The 
capacity to bind MHC Class molecules is measured in a variety 
of different ways. One means is a Class I molecular binding 
20 assay as described in Example 10, below. Other alternatives 
described in the literature include inhibition of antigen 
presentation (Sette, et al., J . Immunol, 141:3893 (1991), in 
assembly assays (Townsend, et al.. Cell 62:285 (1990), 
and PACS based assays using mutated ells, such as KMA.s 
25 (Me lief, et al., Eur. J. i— mol. 21:2963 [1991]). 

Next, peptides that test positive in the MHC class I 
binding assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro, p C r instance, 
antigen-presenting cells that have been incubated with a 
30 peptide can be assayed for the ability to induce CTL responses 
in responder cell populations. Antigen-presenting cells can 
be normal cells such as peripheral blood mononuclear cells or 
dendritic cells (Inaba, et al., J. Bra. Med, 166:182 (1987); 
Boog, Eur. J. Immunol. 18:219 [1988)). 
35 Alternatively, mutant mammalian cell lines that are 

deficient in their ability to load class i molecules with 
internally processed peptides, such as the mouse cell lines 
RMA-S (XMrfe, et al.. Nature . 319:675 (1986); Ljunggren, et 
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aW ffi*Tt fr. TpmiiTinl, , 21:2963-2970 (1991)) , and the human 
somatic T cell hybridoma, T-2 (Cerundolo, et alv, Nature 
345:449-452 (1990)) and which have been transf ected with the 
appropriate human class I genes are conveniently used, when 
peptide is added to them, to test for the capacity of the 
peptide to induce in YltrP primary CTL responses, other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851), 
armyworm (ATCC CRL 1711) , moth (ATCC CCL 80) and Drosophila 
cell lines such as a Schneider cell line (see Schneider J± 
ftPbrVPli BXPi Horphol,, 27:353-365 [1927])* That have been 
transf ected with the appropriate human class I MHC allele 
encoding genes and the human B 2 microglobulin genes. 

Peripheral blood lymphocytes are conveniently 
isolated following simple venipuncture or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors, in one embodiment:, the appropriate 
antigen-presenting cells are incubated with 10-100 /tM of 
peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen-presenting 
cells are then incubated with the responder cell populations 
i n YitTff for 7 to 10 days under optimized culture conditions. 
Positive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I. 
The peptides that test positive in the MHC binding assays and 
give rise to specific CTL responses are referred to herein as 
immunogenic peptides. 

The immunogenic peptides can be prepared 
synthetically, or by recombinant DNA technology or isolated 
from natural sources such as whole viruses or tumors. 
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Although the peptide Will preferably be substantially free of 
other naturally occurring host cell proteins and fragments 
thereof, in some embodiments the peptides can be synthetically 
conjugated to native fragments or particles. The polypeptides 
or peptides can be a variety of lengths, either in their 
neutral (uncharged) forms or in forms which are salts, and 
either free of modifications such as glycosylating side chain 
oxidation, or phosphorylation or containing these 
modifications, subject to the condition that the modification 
not destroy the biological activity of the polypeptides as 
herein described. 

Desirably, the peptide will be as small as possible 
while still maintaining substantially all of the biological 
activity of the large peptide. When possible, it may be 
desirable to optimize peptides of the invention to a length of 
9 or 10 amino acid residues, commensurate in size with 
endogenously processed viral peptides or tumor cell peptides 
that are bound to MHC class I molecules on the cell surface. 

Peptides having the desired activity may be modified 
as necessary to provide certain desired attributes, e.g., 
improved pharmacological characteristics, while increasing or 
at least retaining substantially all of the biological 
activity of the unmodified peptide to bind the desired MHC 
molecule and activate the appropriate T cell. For instance, 
the peptides may be subject to various changes, such as 
substitutions, either conservative or non-conservative, where 
such changes might provide for certain advantages in their 
use, such as improved. MHC binding. By conservative 
substitutions is meant replacing an amino acid residue with 
another which is biologically and/or chemically similar, e.g., 
one hydrophobic residue for another, or one polar residue for 
another. The substitutions include combinations such as Gly, 
Ala; Val, lie. Leu, Met; Asp, Glu; Asn, Gin; Ser, Thr; Lys, 
Arg; and Phe, Tyr. The effect of single amino acid 
substitutions may also be probed using D-amino acids. Such 
modifications may be made using well known peptide synthesis 
procedures, as described in e.g., Merrifield, Science 232:341- 
347 (1986) , Barany and Merrifield, The Penti^, , Gross and 
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Heienhofer, eds. (N.Y., Academic Press) , pp: 1-284 (1979) ; and 
Stewart and Young, Solid Phase peptide fhm«w>«i C| (Rockf ord, 
111., Pierce), 2d Ed. (1984), incorporated by reference 
herein. 

The peptides can also be modified by extending or 
decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
that certain amino acid residues essential for biological 
activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins, 
such as L-a-amino acids, or their D-isomers, but may include' 
non-natural amino acids as well, such as B^-J-amino acids, as 
well as many derivatives of L-a-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
electrostatic charge, hydrophobicity, etc. on binding. For 
instance, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., Glu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
cell receptors, in addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, 61y, Pro, or 
similar residues may be employed. The substitutions may be 
hono-oligomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 
necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) . Increased binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to "the affinity of the parent peptide. 
In any event, such substitutions should employ amino acid 
residues or other molecular fragments chosen to avoid, for 
example, steric and charge interference which might disrupt 
binding. 



Jtainoi acid sufetitatibne are-, topically of single 
residues. Substitutions, deletions, insertions or any 
combination thereof may be combined to arrive at a final 
peptide, substitutional variants are those in which at least 
one residue of a peptide has been removed and a different 
residue inserted in its place. Such substitutions generally 
are made in accordance with the following Table 4 when it is 
desired to finely modulate the characteristics of the peptide 
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aet; leu; tyr 


Ser 


thr 


Thr 
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trp; phe 
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lie; leu 
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Substantial changed in function (e.g* r affinity for 
MHC molecules or T cell receptors) are made by selecting 
substitutions that are less conservative than those in Table 
4, i.e», selecting residues that differ more significantly in 
their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the 
bulk of the side chain. The substitutions which in general 
are expected to produce the greatest changes in peptide 
properties will be those in which (a) hydrophilic residue, 
e.g. seryl, is substituted for (or by) a hydrophobic residue, 
e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a 
residue having an electropositive side chain, e.g., lysyl, 
arginyl, or histidyl, is substituted for (or by) an 
electronegative residue, e.g. glutamyl or aspartyl; or (c) a 
residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g., 
glycine. 

The peptides may also comprise isosteres of two or 
more residues in the immunogenic peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
substituted for a second sequence because the steric 
conformation of the first sequence fits a binding site 
specific for the second sequence. The term specifically 
includes peptide backbone modifications well known to those 
skilled in the art. such modifications include modifications 
of the aside nitrogen, the a -carbon, amide carbonyl, complete 
replacement of the amide bond, extensions, deletions or 
backbone crosslinks. £££, generally . Spatola, Ctigmista-y »n fl 
Pjpchemistry of Amino Acid s/ peptides and Pr o^ r» g) vol. VII 
(Weinstein ed. , 1983) . 

Modifications of peptides with various amine acid 
mimetics or unnatural amino acids are particularly useful in 
increasing the stability of the peptide in vivo , stability 
can be assayed in a number of ways. For instance, peptidases 
and various biological media, such as human plasma and serum, 
have been used to test stability. See, e^, Verhoef et al.. 
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3UT. J. Drug Hetab Pfrarmacokin. lii291-302 (19B6>. Half lif 6 
of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serum (Type AB, 
non-heat inactivated) is delipidated by centrif ugation before 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stability-specific chromatography conditions. 

The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule.' 
The spacer is typically comprised of relatively small , neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions. 
The spacers are typically selected from, e.g., Ala,' Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amino acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero- or bomo-oligomer. When present, the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide may be 
acylated. 
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In some embodiments it may be desirable t;o include in 
the pharmaceutical compositions of the invention at least one 
^component which assists in priming CTL. Lipids have been 
identified as agents capable of assisting the priming CTL in 
Yiyo. against viral antigens. For example, palmitic acid 
residues can be attached to the alpha and epsilon amino groups 
of a Lys residue and then linked, e.g., via one or more 
linking residues such as Gly, Gly-Gly-, Ser, Ser-Ser, or the 
like, to an immunogenic peptide. The lipidated peptide can 
then be injected directly in a micellar form, incorporated 
into a liposome or emulsified in an adjuvant, e.g. , incomplete 
Freund's adjuvant. In a preferred embodiment a particularly 
effective immunogen comprises palmitic acid attached to alpha 
and epsilon amino groups of Lys, which is attached via 
linkage, e.g., Ser-Ser, to the amino terminus of the 
immunogenic peptide. 

As another example of lipid priming of CTL responses, 
Bt cpll lipoproteins, such as 

tripalmitoyl-S-glycerylcysteinlyseryl-serine (P 3 CSS) can be 
used to prime virus specific CTL when covalently attached to 
an appropriate peptide. See, Deres et al., Hatm-e 342:561-564 
(1989) , incorporated herein by reference. Peptides of the 
invention can be coupled to P 3 CSS, for example, and the 
lipopeptide administered to an individual to specifically 
prime a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P 3 CSS conjugated to a. peptide which displays an appropriate 
epitope, the two compositions can be combined to more ■ 
effectively elicit both humoral and cell-mediated responses to 
infection. 

In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support, or 
larger peptide, for modifying the physical or chemical 
properties of the peptide or oligopeptide, or the like. Amino 
acids such as tyrosine, cysteine, lysine, glutamic or aspartic 
acid, or the like, can be introduced at the C- or H-terminus 
of the peptide or oligopeptide. Modification at the c 
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terminus in some cases may alter blinding characteristics of 
the peptide. In addition, the peptide or oligopeptide 
sequences can differ from the natural sequence by being 
modified by terminal-NH 2 acylation, e.g., by alkanoyl (Cj-c^) 
or thioglycolyl acetylation, terminal-carboxyl amidation, 
e.g., ammonia, methylamine, etc. in some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young, Solid Phas e Peptide synthesis 2d. ed. , ' 
Pierce Chemical Co. (1984), supra . 

Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an expression 
vector, transformed or transf ected into an appropriate host 
cell and cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally. in Sambrook et al.. Molecular- cl oning, a t^w^ ^ 
tfamaal. Cold Spring Harbor Press, Cold spring Harbor, New York 
(1982) , which is incorporated herein, by reference. Thus, 
fusion proteins which comprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope. 

As the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical techniques, 
for example, the phosphotriester method of Hatteucci et al., 
Jt ftffit Chem, Sec, 103:3185 (1981), modification can be made ' 
simply by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to produce the 
desired fusion protein. A number of such vectors and suitable 
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host systems are now available. For expression of the fusion 
proteins, the coding sequence will be provided with operably 
linked start and stop codons, promoter and terminator regions 
and usually a replication system to provide an expression 
vector for expression in the desired cellular host. For 
example, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding sequence. The 
resulting expression vectors are transformed into suitable 
bacterial hosts. Of course, yeast or mammalian cell hosts may 
also be used, employing suitable vectors and control 
sequences. 

The peptides of the present invention and 
pharmaceutical and vaccine compositions thereof are useful for 
administration to mammals, particularly humans, to treat 
and/or prevent viral infection and cancer. Examples of 
diseases which can be treated using the immunogenic peptides 
of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal carcinoma, cervical carcinoma, 
lymphoma, CMV and condlyloma acuminatum. 

For pharmaceutical compositions, the immunogenic 
peptides of the invention are administered to an individual 
already suffering from cancer or infected with the virus of 
interest. Those in the incubation phase or the. acute phase of 
infection can be treated with the immunogenic peptides 
separately or in conjunction with other treatments, as 
appropriate. In therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 
cure or at least partially arrest symptoms and/or 
complications. An amount adequate to accomplish this is 
defined as "therapeutically effective dose.** Amounts 
effective for this use will depend on, e.g., the peptide 
composition, the manner of administration, the stage and 
severity of the disease being treated, the weight and general 
state of health of the patient, and the judgment of the 
prescribing physician, but generally range for the initial 
immunization (that is for therapeutic or prophylactic 
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administration) from about 1.0 ng to about 5000 jt 9 of peptide 
for a 70 kg patient, followed by boosting dosages off from 
about 1.0 /ig to about lOOfr fig of peptide pursuant to a 
boosting regimen over weeks to months depending upon the 
patient* s response and condition by measuring specific CTL 
activity in the patient's blood. It must be kept in mind that 
the peptides and compositions of the present invention may 
generally be employed in serious disease states; that is, 
life-threatening or potentially life threatening situations. 
In such cases, in view of the minimization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions. 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 
thereafter, in chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. . For those 
individuals susceptible (or predisposed) to developing chronic 
infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 
composition can be targeted to them, minimizing need for 
administration to a larger population. . 

The peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-Infected cells in carriers, it is 
important to provide an amount of immuno-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cytotoxic T cell response. Thus, for 
treatment of chronic infection, a representative dose is in 
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i&e range of about l.o. pg to about 5000 jig, preferably about 5 
Itg to iooo jig for a 70 kg patient per dose. Immunizing doses 
followed by boosting doses at established intervals, e-g., 
from one to four weeks, may be required, possibly for a 
prolonged period of time to effectively immunize an 
individual. In the case of chronic infection, administration 
should continue until at least clinical symptoms or laboratory 
tests indicate that the viral infection has been eliminated or 
substantially abated and for a period thereafter. 

The pharmaceutical compositions for therapeutic 
treatment are intended for parenteral, topical, oral or local 
administration. Preferably, the pharmaceutical compositions 
are administered parenterally, e.g., intravenously, 
subcutaneously, intradermal ly, or intramuscularly. Thus, the 
invention provides compositions for parenteral administration 
which comprise a solution of the immunogenic peptides 
dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used, 
e.g., water, buffered water, 0.9% saline, 0.3% glycine, 
hyaluronic acid and the like. These compositions may be 
sterilized by conventional, well known sterilization 
techniques, or may be sterile filtered. The resulting aqueous 
solutions may be packaged for use. as is, or lyophilized, the 
lyophilized preparation being combined with a sterile solution 
prior to administration. The compositions may contain 
pharmaceutical^ acceptable auxiliary substances as required 
to approximate physiological conditions, such as pH adjusting 
and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example, sodium acetate, sodium 
lactate, sodium chloride, potassium chloride, calcium 
chloride, sorbitan monolaurate, triethanolamine oleate, etc. 

The concentration of CTL stimulatory peptides of the 
invention in the pharmaceutical formulations can vary widely, 
i.e., from less than about 0.1%, usually at or at least about 
2% to as much as 20% to 50% or . more by weight, and will be 
selected primarily by fluid volumes, viscosities, etc., in 
accordance with the particular mode of administration 
selected. 
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The peptides of the invention may also be 
administered via liposomes, which serve to target the peptides 
to a particular tissue, such as lymphoid tissue, or targeted 
selectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like* in 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
therapeutic/ immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of , 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g., 
Szoka et al., Aim. Rev. Bioohvs. Binenq. 9:467 (1980), U.S. 
Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,3*9, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously, 
locally, topically, etc. in a dose which varies according to, 
il&§£ alia* the manner of administration, the peptide being 
delivered, and the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid 
carriers may be used which include, for example, 
pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 
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sucrose, magnesium carbonate, and the like. For oral 
administration, a pharinaceutically acceptable nontoxic 
composition is formed by incorporating any of the normally 
_ employed excipients, such as those carriers previously listed 
and generally 10-95%. of active ingredient, that is, one or ' 
more peptides of the invention, and more preferably at a 
concentration of 25%-75%. 

For aerosol administration, the immunogenic peptides 
are preferably supplied in finely divided form along with a 
surfactant and propellant. Typical percentages of peptides 
are 0.01%-20% by weight, preferably i%-io%. The surfactant 
aust, of course, be nontoxic, and preferably soluble in the 
propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 
atoms, such as caproic, octanoic, lauric, palmitic, stearic, 
linoleic, linolenic, olesteric and oleic acids with an 
aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 
esters, such as mixed or natural glycerides may be employed 
The surfactant may constitute 0.l%-20% by weight of the 
composition, preferably 0.25-5%. The balance of the 
composition is ordinarily propellant. A carrier can also be 
included, as desired, as with, e.g., lecithin for intranasal 
delivery. 

In another aspect the present invention is directed 
to vaccines which contain as an active ingredient an 
iamunogenically effective amount of an immunogenic peptide as 
described herein. The peptide (s) may be introduced into a 
host, including humans, linked to its own carrier or as a 
noaopolymer or heteropolymer of active peptide units, such a 
polymer has the advantage of increased immunological reaction 
and, where different peptides are used to make up the polymer 
the additional ability to induce antibodies and/or CTLs that ' 
react with different antigenic determinants of the virus or 
tumor cells. Useful carriers are well known in the art, and 
include, e.g., thyroglobulin, albumins such as bovine serum 
albumin, tetanus toxoid, polyamino acids such as 
Poly(lysine:.glutamic acid) , hepatitis B virus core protein, 
hepatitis B virus recombinant vaccine and the like. The 
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vaccines fcaifi also contain a physiologically tolerable 
(acceptable) diluent such as water, phosphate buffered saline, 
or saline, and further typically include an adjuvant. 
Adjuvants such as incomplete Freund's adjuvant, aluminum 
phosphate, aluminum hydroxide, or alum are materials- veil 
Known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P 3 CSS. ujpon immunization with a peptide composition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities, such an amount is 
defined to be an "immunogenic ally effective dose." in this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about I.o 
M9 to about 5000 jig per 70 kilogram patient, more commonly 
from about 10 M g to about 500 w mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

Por therapeutic or immunization purposes, the 
peptides of the invention can also be expressed by attenuated 
viral hosts, such as vaccinia or fowl pox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide sequences that fencode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccinia virus expresses the immunogenic peptide, and thereby 
elicits a host CTL response. Vaccinia vectors and methods 
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useful in immunization protocols are described in, e.g., U.S. 
Patent No. 4,722,848, incorporated herein by reference. 
Another vector is BCG (Bacille Calmette Guerin) . BCG vectors 
are described in Stover et al. f Nature 351:456-460 (1991)) 
which is incorporated herein by reference. A wide variety of 
other vectors useful for therapeutic administration or 
immunization of the peptides of the invention, e.g., 
Salmonella typhi vectors and the like, will be apparent to 
those skilled in the art from the description herein. 

Antigenic peptides may be used to elicit CTL ex vivo r 
as well. The resulting CTL, can be used to treat chronic 
infections (viral or bacterial) or tumors in patients that do 
not respond to other conventional forms of therapy, or will 
not respond to a peptide vaccine approach of therapy. Ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (CTLp) together with a source of 
antigen-presenting cells (APC) and the appropriate immunogenic 
peptide. After an appropriate incubation time (typically 1-4 
weeks) # in which the CTLp are activated and mature and expand 
into effector CTL, the cells are infused back into the 
patient, where they will destroy their specific target cell 
(an infected cell or a tumor cell) . In order to optimize the 
In vitro conditions for the generation of specific cytotoxic T 
cells, the culture of stimulator cells is maintained in an 
appropriate serum-free medium. 

Prior to incubation of the stimulator cells with the 
cells to be activated, e.g., precursor CD8+ cells, an amount 
of antigenic peptide is added to the stimulator cell culture, 
of sufficient quantity to become loaded onto the human Class I 
molecules to be expressed on the surface of the stimulator 
cells. In the present invention, a sufficient amount of 
peptide is an amount that will allow about 200, and preferably 
200 or more, human Class r~MHC molecules loaded, with peptide 
to be expressed on the surface of each stimulator cell. 
Preferably, the stimulator cells are incubated with >20jig/al 
peptide. 
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Besting or precursor CD3+ cells We then incubated In 
culture With the appropriate stimulator cells for a tine 
period sufficient to activate the CD8+ cells. Preferably, the 
CD8+ cells are activated in an antigen-specific manner. The 
ratio of resting or precursor CD8+ (effector) cells to 
stimulator cells may vary from individual to individual and 
may further depend upon variables such as the amenability pf 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 
condition for which the within-described treatment modality is 
used* Preferably, however, the lymphocyte: stimulator cell 
ratio is in the range of about 30:1 to 300:1. The 
effector/stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 
effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific MHC/peptide 
complexes per APC is crucial for the stimulation of CTL, 
particularly in primary immune responses. While small amounts 
of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, pr to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(pCTL) during primary response requires a signif icantly higher 
number of MHC/peptide complexes. Peptide loading of empty 
major hi&tocompatability complex molecules on cells allows the 
induction of primary cytotoxic T lymphocyte responses. Peptide 
loading of empty major histocompatability complex molecules on 
cells enables the induction of primary cytotoxic T lymphocyte 
responses. 

Since mutant cell lines do not exist for every human 
MHC allele, it is advantageous to use a technique to remove 
endogenous KHC-associated peptides from the surface of APC, 
followed by loading the resulting empty MHC molecules with the 
immunogenic peptides of interest. The use of non-transformed 
(non-tumorigenic) , non-infected cells, and preferably, 
autologous cells of patients as APC is desirable for the 
design of CTL induction protocols directed towards development 
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of *r vivo CTL therapies. This application aiscltosett methods 
for stripping the endogenous MHC-associated peptides from the 
surface of APC followed by the loading of desired peptides. 

A stable MHC class I molecule is a trimeric complex 
formed of the following elements: l) a peptide usually of 8 - 
10 residues, 2) a transmembrane heavy polymorphic protein 
chain which bears the peptide-binding site in its al and q2 
domains, and 3) a non-covalently associated non-polymorphic 
light chain, ^croglobulin. Removing the bound peptides 
and/or dissociating the Microglobulin from the complex 
renders the MHC class I molecules nonfunctional and unstable, 
resulting in rapid degradation. All MHC class I molecules 
isolated from PBMCs have endogenous peptides bound to them. 
Therefore, the first step is to remove all endogenous peptides 
bound to MHC class I molecules on the APC without causing 
their degradation before exogenous peptides can be added to 
them. 

Two possible ways to free up MHC class I molecules of 
bound peptides include lowering the culture temperature from 
37-c to 26-c overnight to destablize fljnrtcroglobulin and 
stripping the endogenous peptides from the cell using a mild 
acid treatement. The methods release previously bound 
peptides into the extracellular environment allowing new 
exogenous peptides to bind to the empty class I molecules. 
The cold-temperature incubation method enables exogenous 
peptides to bind efficiently to the MHC complex, but requires 
an overnight incubation at 26»C which may slow the cell's 
metabolic rate, it is also likely that cells not actively 
synthesizing MHC molecules (e.g., resting PBMC) would not 
produce high amounts of empty surface MHC molecules by the 
cold temperature procedure. 

Harsh acid stripping involves extraction of the 
peptides with trifluoroacetic acid, pH 2, or acid denaturation 
of the immunoaffinity purified class 1-peptide complexes. 
These methods are not feasible for CTL induction, since it is 
important to remove the endogenous peptides while preserving 
APC viability and an optimal metabolic state which is critical 
for antigen presentation. Mild acid solutions of p H 3 such as 
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glycine or citrate^phosphate Offers have been used to 
identify endogenous peptides and to identify tumor associated 
T cell epitopes. The treatment is especially effective, in 
that only the MHC class I molecules are destabilized (and 
associated peptides released), while other surface antigens 
renain intact, including MHC class II molecules.* Host 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 
endogenous peptides occurs in two minutes at 4*C and the apc 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specif ic APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 
inducing peptide-specif ic CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of known 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto the stimulator 
cells, or for the CD8+ cells (or a segment thereof) may be 
utilized to bind their appropriate complementary ligand. 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-known immunoprecipitation or immunoassay 
methods. 

Effective, cytotoxic amounts of the activated CD8+ 
cells can vary between in vitro and in vivo uses, as well as 
with the amount and type of cells that are the ultimate target 
of these killer cells. The amount will also vary depending on 
the condition of the patient and should be determined via 
consideration of all appropriate factors, by the practitioner. 
Preferably, however, about 1 X 10 6 to about 1 x 10 12 , more 
preferably about 1 X 10 8 to about 1 x 10«, and even more 
preferably, about 1 x 10 9 fco about l x 10 10 activated CD8+ 
cells are utilized for adult humans, compared to about 5 x 10 6 
- 5 X 10 7 cells used in mice. 

Preferably, as discussed above, the activated CD8+ 
cells are harvested from the cell culture prior to 
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cells to the individual being 
treated. It is important t6 note> however, that unlike other 
present and proposed treatment modalities, the present method 
uses a cell culture system that is not tumorigenic. 
Therefore, if complete separation of stimulator cells and 
activated CD8+ cells is not achieved, there is no inherent 
danger known to be associated with the administration of a 
small number of stimulator cells, whereas administration of 
mammalian tumor-promoting cells may be extremely hazardous. 

Methods of re-introducing cellular components are 
Xnown in the art and include procedures such as those 
exemplified in U.S. Patent No. 4,844,893 to Honsik, et al. and 
U.S. Patent Ho. 4,690,915 to Rosenberg. For example, 
administration of activated CD8+ cells via intravenous 
15 infusion is appropriate. 

The immunogenic peptides of this invention may also 
be used to make monoclonal antibodies. Such antibodies may be 
useful as potential diagnostic or therapeutic agents. 

The peptides may also find use as diagnostic 
20 reagents. For example, a peptide of the invention may be used 
to determine the susceptibility of a particular individual to 
a treatment regimen which employs the peptide or related 
peptides, and thus may be helpful in modifying an existing 
treatment protocol or in determining a prognosis for an 
25 affected individual. In addition, the peptides may also be 

used to predict which individuals will be at substantial risk 
for developing chronic infection. 

The following examples are offered by way of 
illustration, hot by way of limitation. 
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Example i 
Class I antigen i*r>i a «-fi ffTrt 
" A flow diagram of an HLA-A antigen purification 
scheme is presented in FigWe 1. Briefly, the cells bearing 
the appropriate allele were grown in large batches (6-8 liters 
yielding "5 x 10 9 cells), harvested by centrifugation and 
washed. All cell lines were maintained in RPM 1640 media 
(Sigma) supplemented with 10% fetal bovine serum (FBS) and 
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antibiotics. For large-scale cultures, cells were grown In 
roller bottle culture in rpmi 1640 with 10% fbs or with 10% 
horse serum and antibiotics. Cells were harvested by 
centrifugation at 1500 REM IEC-CRU5000 centrifuge with 259 
5 rotor and washed three times with phosphate-buffered saline 
(PBS) (0.01 M P0 4 , 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70 *C or treated 
with detergent lysing solution to prepare detergent ly sates. 
Cell lysates were prepared by the addition of stock detergent 
10 solution (1% NP-40 (Sigma) or Renex 30 (Accurate Chem. Sci. 
Corp., Westbury, HY 11590), 150 mH NaCl, 50 mK Tris, pH 8.0) 
to the cell pellets (previously counted) at a ratio of 50-100 
x 10 6 cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
15 detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylmethylsulfonyl fluoride (PMSP), 2 mM; aprbtinin, 5 
ftg/ml; leupeptin, 10 jig/ml; pepstatin, 10 pg/ml; 
20 iodoacetamide, 100 /xM; and EDTA, 3 ng/ml. Cell lysis was 
allowed to proceed at 4*C for 1 hour with periodic mixing. 
Routinely 5-10 x io» cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4 *C and 
25 subsequent passage of the supernatant fraction through a 0.2 ft 
filter unit (Nalgene). 

The HLA-A antigen purification was achieved using 
affinity columns prepared with mAb-conjugated Sepharose beads. 
For antibody production, cells were grown in RPHI with 10% FBS 
30 in large tissue culture flasks (Corning 25160-225). 

Antibodies were purified from clarified tissue culture medium 
by ammonium sulfate fractionation followed by affinity 
chromatography on protein-A-Sepharose (Sigma). Briefly, 
saturated ammonium sulfate" was added slowly with stirring to 
the tissue culture supernatant to 45% (volume to volume) 
overnight at 4*C to precipitate the immunoglobulins. The 
precipitated proteins were harvested by centrifugation at 
10,000 x g for 30 minutes. The precipitate was then dissolved 
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in a minimum volute of PBS and transferred to dialysis tubing 
(Spectro/Por 2, Mol. wt. cutoff 12 ,000-14, 006, Spectum Medical 
Ind.). Dialysis was against PBS (2*0 tines the protein 
solution volume) with 4-6 changes of dialysis buffer over a 
24-48 hour period at 4*C. The dialyzed protein solution was 
clarified by centrifugation (10,000 x g for 30 minutes) and 
the pH of the solution adjusted to pH 8.0 with IN NaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, and a protein-A-Sepharose column 
was prepared. A column of 10 ml bed volume typically binds 
■ 50-100 mg of mouse igG. 

The protein sample was loaded onto the protein-A- 
Sepharose column using a peristaltic pump for large loading 
volumes or by gravity for smaller volumes (<ioo ml) . The 
column was washed with several, volumes of PBS, and the eluate 
was monitored at A280 in a spectrophotometer until base line 
was reached. The bound antibody was eluted using 0.1 M citric 
acid at suitable pH (adjusted to the appropriate pH with IN 
NaOH) . For mouse IgG-l pH 6.5 was used for IgG2a pH 4.5 was 
used and for- lgG2b and IgG3 pH 3.0 was used. 2 M Tris base 
was used to neutralize the eluate. Fractions containing the 
antobody (monitored by A280) were pooled, dialyzed against PBS 
and further concentrated using an Amicon Stirred Cell system 
(Amicbn Model 8050 with TM30 membrane) . The anti-A2 aAb, 
BB7.2, and the anti-A3 mAb, GAPA3, are particularly useful for 
affinity purification. 

The HLA-A antigen was purified using affinity columns 
prepared with mAb-conjugated Sepharose beads. The affinity 
columns were prepared by incubating protein-A-Sepharose beads 
(Sigma) with affinity-purified mAb as described above. Five 
to 10 mg of mAb per ml of bead is the preferred ratio. The 
»Ab bound beads were washed with borate buffer (borate buffer- 
100 mM sodium tetraborate, 154 mM Nad, pH 8.2) until the 
washes show A280 at based line. Dimethyl pimelimidate (20 mM) 
in 200 mM triethanolamine was added to covalently crosslink 
the bound mAb to the protein-A-Sepharose (Schneider et al ^ 
Biol. Chen,, 257:10766 (1982). After incubation for 45 minutes 
at room temperature on a rotator, the excess crosslinking 
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rea^nt tias removed by washing the heads twice with 10-20 ml 
of ,20 AM ethanolamine, pa 8.2. Between each wash the slurry 
was placed on a rotator for 5 minutes at room temperature. 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x 10 9 cell equivalents) was 
then slowly passed over a 5-10 ml affinity column (flow rate 
of 0.1-0.25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 
pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stock solution plus 0.1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 mM 
Tris, pH 8.0, and 10 column volumes of 20 mM Tris, pH 8.0. 
The HLA-A antigen bound to the mftb was eluated with a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50) was removed for protein quantification using 
either a colorimetric assay (BCA assay. Pierce) or by SDS- 
PAGE, or both. SDS-PAGE analysis was performed as described 
by Laemmli (Laemmli, U.K., Mature 227:680 (1970J) using known 
amounts of bovine serum albumin (Sigma) as a protein standard. 

Allele specific antibodies were used to purify the 
specific MHC molecule. In the case of HLA-A2 and HLA-A3 mAbs 
BB7.2 and GAPA3 were used respectively. An example of SOS 
PAGE analysis of purified HXA-A3.2 molecules is shown in 
Figure 2. 

Figure 2 shows SDS-PAGE (12.5%) analysis of affinity 
purified HLA-A3.2 from the cell line EHM. An affinity column 
(10 ml) was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAPA3 which is specific for HLA-A3. A 
detergent lysate of 5xl0» cells was passaged over the column 
and the column was washed extensively. The bound HLA-A3.2 
molecules were eluted from -the column with 0.15M acetic acid, 
50 ml. One ml of the eluate was removed and lyophilized to ' 
concentrate the sample. The sample was taken up to 50 M l with 
Leammli sample buffer and 20 M l were loaded in lane 2. Lane l 
contained molecular weight standards: Myosin, 230 kD; B- 
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galactosi^aso, 116KD; phospfaorylase B , 97.«JcD; bovine serum 
albumin, 66.2XD; ovalbumin, 45kD; carbonic annydrase, 3i*D; 
soybean trypsin inhibitor, 2l.5JcD; and lysozyme, 14.4kD. 
Standard concentrations of bovine serua albumin were run irt 
lanes B, 10 w , 9, 3 1*3, and 10, i M g to aid in the estimation 
of protein yield. For this particular HLA-A3.2 preparation, 
the estimated yield was approximately 112 jig. 

Por HLA-A11, A24.1 and Al, an alternative protocol 
was used whereby anti-HIA-B and C monoclonal antibodies were 
used to deplete HLA-B and C molecules. The remaining HLA-A 
molecules were subsequently purified using the W6/32 mAb as 
described below. 

Based on the density of class I expression as 
indicated by the results of immunof luorescent staining 
analysis, it is anticipated that average yields of class I 
antigen isolated from the EBV b cell lines will range from 
800-1200 pg per 10 10 cell equivalents. 

An alterative class T p1MH<Mret< . <? n PT . r>i . r>7?1 

HLA-A2.1 molecules were isolated Using the mAb 
Bl.23.2 which detects an epitope expressed by HLA-B and c 
allele molecules, but not by HLA-A antigens. The mAb, W6/32, 
detects all human class I molecules, including HLA-A, B and C. 
As mentioned above, these mAbs react well with the B cell 
lines serving as sources of HLA-A antigens. The Bl.23.2 mAb 
reacts with the various human B cell lines, but fails to react 
with a mouse cell line that expresses a transfected HLA-A2.1 
protein or a chimeric A2.1 mouse K*> molecule, it does react 
with the human cell line, CIR (Alexander, J., e t al., 
iBffittnwfflfltlrre , 29, 380 [1989)), that lacks expression of 
HLA-A and B molecules, but expresses low levels of BLA-C 
molecules. This pattern of reactivity illustrates how the 
Bl.23.2 mAb can be used to" deplete the B cell lysates of HLA-B 
and C molecules. 

Affinity columns were prepared using the affinity- 
purified Bl.23.2 and.W6/32 mAbs, respectively, as described 
above. The procedures for- the preparation of the affinity 
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columns are essentially identical to the procedures described 
tor the preparation of the allele-specific oAb columns 
described above. The Bl.23.2 mAb affinity column was used to 
deplete the detergent lysates of HLA-B and C molecules using 
the protocol as described above. The cell lysate depleted of 
HLA-B and C was then passed over a H6/32 mAb affinity column. 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
the purification of any HLA-A allele product, and does not 
rely on the need for allele-specific mAbs. in addition, it 
could also be used to isolate any class I molecule type from 
transfected cell lines. 

Example 3 

Isolation and sequencing of naturall y DrocefiS prt pertHdoq 

Por the HLA-A preparations derived from the base (50 
aM diethylamide* elution protocol, the eluate was immediately 
neutralized with 1 H acetic acid to pH 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
an Ami con stirred cell [Model 8050, with YM3 membranes 
(Amicon)). Ten ml of ammonium acetate (0.01 M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts, 
and the sample was concentrated to approximately 1 ml. a 
small sample (1/50) was removed for protein quantitation as 
described above. The remainder was recovered into a 15 ml 
Polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson) . Glacial acetic acid was added to obtain a final 
concentration of io% acetic acid. The acidified sample was 
placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound peptides. The sample was cooled on 
ice, returned to the concentrator and the filtrate was 
collected. Additional aliguots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 
with the original filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 
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The retentate contains the bulk of the HLA-A heavy 
chain and ^-microglobulin, while the filtrate contains the 
naturally processed bound peptides and other components with 
molecular weights less than about 3000. The pooled filtrate 
5 material was lyophilized in order to concentrate the peptide 
fraction. The sample was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
separation of the peptide fractions, the lyophilized sample 
was dissolved in 50 |tl of distilled water, or into 0.1% 
10 trifluoracetic acid (TFA) (Applied Biosystems) in water and 
injected to a C18 reverse-phase narrow bore column (Beckman 
c18 Ultrasphere, 10 x 250 mm) , using a gradient system 
described by stone and Williams (stone, K.L. and Williams 
K.R., in, Macromolecular Sequencing and Synthesis; Selected 
15 Methods and Applications, A.R. Liss, New York, 1988, pp. 7-24. 
Buffer A was 0.06* TFA in water (Burdick-Jackson) and buffer B 
was 0.052% TFA in 80% acetonitrile (Burdick-Jackson). The 
flow rate was 0.250 ml/minute with the following gradient: 0- 
60 min., 2-37.5% B; 60-95 min., 37.5-75% B; 95-105 min., 75- 
20 98% B. The Gilson narrow bore HPLC configuration is 
particularly useful for this purpose, although other 
configurations work equally well. 

A large number of peaks were detected by absorbance 
at 214 nm, many of which appear to be of low abundance 
25 (Fig. 3) . Whether a given peak represents a single peptide or 
a peptide mixture was not .determined. Pooled fractions were 
then sequenced to determine motifs specific for each allele as 
described below. 

Pooled peptide fractions, prepared as described above 
J0 were analyzed by automated Edman sequencing using the Applied 
Biosystems Model 477A automated sequencer. The sequencing 
method is based on the technique developed by Pehr Edman in 
the 1950s for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 
15 acids. 

The protein or peptide to be sequenced was held by a. 
12-mm diameter porous glass fiber filter disk in a heated, 
argon-purged reaction chamber. The filter was generally pre- 
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treated with BioBrene Plus"* and then cycled through one or 
more repetitions of the Edman reaction to reduce contaminants 
and improve the efficiency of subsequent sample sequencing. 
Following the pre-treatment of the filter, a solution of the 
sample protein or peptide (10 pmol-5 nmol range) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion, in coupling step, 
phenylisothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free amino-terminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of time for the coupling step, 
the excess chemicals are extracted and the highly volatile 
organic acid, trif luoroacetic acid, TFA, is used to cleave the 
PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ)- derivative of 
the amino acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 
flask, where upon addition of 25% TFA in water, the ATZ amino 
acid is converted to the more stable phenylthiohydantoin (PTE) 
amino acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C-18 reverse-phase HPLC column for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters.. Thus, a single amino acid 
sequence usually does not result. Rather, mixtures of amino 
acids in different yield are found. When the particular 
residue is conserved among" the peptides being sequenced, 
increased yield for that amino acid is observed. 



Example 4 

Definition of an A 3. 2 specific mat- j f 
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There is some ambiguity in the international 
nomenclature of A3 Alleles. The A3 .2 allele herein is 
expressed by cell lines EHM, HO301, and GM3107. This 
particular subtype is currently referred to as the 3.2 allele 
5 (Yang, in Imunofrfology <?t fflA# Vol. 1, Dupont ed., Springer- 
Verlag, New York pp. 43-44 and 54-55, 1989) , or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, et al., EMBO J.. 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 
10 in EHM cell line* The HLA-A3.2 encoded by the A*0301 gene 

ref erred to in this document is the commonly expressed HLA-A3 
allelic form. 

In one case using MAT cells, pooled peptide fractions 
prepared as described in Example 3 above were obtained from 
15 HLA- A3. 2 homozygous cell lines, for example, CM3107. The 

pooled fractions were HPLC fractions corresponding to 7% to 
19% CH 3 CN* For this class I molecule, this region of the 
chromatogram was most abundant in peptides. Data from 
independent experiments were averaged as described below. 
20 The amino acid sequence analyses from four 

independent experiments were analyzed and the results are 
shown in Table 5. For each position except the first, the 
data were analyzed by modifying the method described by FaDc 
et al. to allow for comparison of experiments from different 
25 HLA types. This modified procedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HLA type. 

The raw sequenator data was converted to a simple 
matrix of 10 rows (each representing one Edman degradation 
*0 cycle) and 16 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technical 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
usually heavily contaminated by free amino acids.). The 
15 values of each row were summed to yield a total pmoles value 
for that particular cycle. For each row, values for each 
amino acid were then divided by the corresponding total yield 
value, to determine what fraction of the total signal is 
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attributable to each amino acid at each cycle. By doing so, 
an "Absolute Frequency* table was generated. This absolute 
frequency table allows correction for the declining yields of 
each cycle. 

Starting from the absolute frequency table, a 
"relative frequency" table was then generated to allow 
comparisons among different amino acids* To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 
(and their standard deviations) . All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding 1.00 by more than two standard deviations is 
considered to correspond to a significant increase. 

The results of the foregoing analysis for HLA-A3.2 
were as follows: at position 2, a 2.2-fold increase in valine 
<V) with lesser increases (1.5-1.7) for structurally similar 
residues leucine (L) and methionine (M) • At position 3, 
tyrosine (Y) and aspartic acid (D) showed increases in 
frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (N) and glutamine (Q) were increased. 
At positions 9 and 10, lysine (K) was increased more than 2- 
fold over the expected random yield. 

Cysteine was not modified and thus not detected. 
PTH-tryptophan coeluted with diphenylurea, and in some 
experiments, FTH-arginine coeluted with the major derivative 
of PTH-threonine. Therefore, cysteine and tryptophan are not 
detectable and arginine is detected only in the absence of 
threonine. » 

Previously described MHC structures showed instances 
of critically conserved residues at position 2 (or 3) and at 
the C terminus (either position 9 or 10) • These residues are 
referred to as "conserved" residues. The modified data 
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analysis of this invention considered the conserved positions 
at the N and C terminals* 

Thus, the HLA-A3-2 motif should have position two 
occupied by V r L or M, a length of 9 or 10 amino acids, and a 
C-terminal position occupied by K. 



TABLE 5 
Summary 

BLA-A3.2 Allele-Soec ific Motif 

Conserved 
Position Residues 

1 

2 V,L,M 

3 Y,D 
4 

5 
6 

7 I 
B Q,H 

9 K 

10 K 



Example 5 

Definition of HIA-Al-specific peptide ma^ \ f n 
HLA-A1 molecules were isolated and their naturally 
processed peptides characterized, as described in Example 3 
above* In one case using HAT cells, pooled fractions 
corresponding to 19% to 50% CH 3 CN were used. As in the 
preceding example, residues shoving at any given position 
except the first position, at least a two standard deviation 
increase over the random expected yield were identified and 
shown in Table 6. On the basis of these data, only Serine (S) 
and Threonine (T) were increased at position two. At position 
3, aspartic acid (D) and glutamic acid (£) were elevated and 
at position 9 and 10 tyrosine (Y) showed a marked increase. 
Other increases noted were proline (P) at position 4 and 
leucine (L) at position 7. Therefore, the motifs for HLA-A1 
based on these data would have residues at position 2 occupied 
by S or T, a peptide length of 9 or 10 amino acids and a 
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C-terminal residue of Y. Alternatively, another motif would 
comprise a 0 or E at position . 3 together with a C terminal 
residue of Y. 

TABLE 6 

5 Summary 

HIA-Al Allele-Soecif ic Motif 

Conserved 
Position Residues 

10 1 

2 S, T 

3 D,E 

4 P 

5 - 
15 . 6 

7 I. 

8 - 

9 Y 

20 Example 6 

Definition of HIA-Al 1 allele-soecif ic peptide motifs 

HIA-Al 1 motifs were defined by amino acid sequence . 
analysis of pooled EPLC fractions , in one case corresponding 
to 7% to 45% CH 3 CN of fractionated peptides eluted from 

25 HLA-A11 molecules purified from the cell line BVR. On the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V) , a peptide length of 9 or 10 amino acids, and a 
C-terminal conserved residue of lysine (K) • At position 3 

30 increases in methionine (M) and phenylalanine (F) were also 
seen and at position 8 glutamine (Q) was increased. 

TABLE 7 
Summary 

35 HLA-M1 AU<4e-Spegjf j<? Motif 

Conserved 
Position Residues 

1 

40 2 T r V 

* 3 M f F 
4 
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5 
6 
7 
8 
9 

10 



Q 

K 



Example 7 

Definition of HIA-A24.1 Spec ific Peptide Motif a 

10 HLA-A24»1 allele-specific motifs were defined by 

amino acid sequence analysis of pooled fractions in one case 
corresponding to 7% to 19% CH 3 CN of HPLC fractionated peptides 
eluted from HLA-A24.1 molecules purified from the cell line 
KT3. On the basis of the data presented in Table 8 a motif 

15 for HLA-A24.1 consists of a conserved residue at position 2 
occupied by tyrosine (Y), a peptide length of 9 or 10 amino 
acids , and a c-terminal conserved residue of phenylalanine (P) 
or leucine (L) • Increases were also observed at several other 
positions: isoleucine (l> and methonine (M) at position 3; 

20 aspartic acid (D), glutamic acid (E), glycine (G), lysine (K) 
and proline (P) at position 4; lysine (K), methonine (M) and 
asparagine (K) at position 5; valine (V) at position 6; 
asparagine (N) and valine (V) at position 7; and, alanine (A), 
glutamic acid (E), lysine (K) , glutamine (Q) and serine (S) at 

25 position 8. Table 8. 

Summary 

HIA-A24.1 Allele-Sne eific Motif 

Conserved 

30 Position Residues 



y 

I,M 

D,E,G # K r P 

L f M r N 

V 



1 
2 
3 

35 4 

5 

.6 
7 
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8 
9 

10 
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A,E,K,Q,S 
F,A 



25 



30 



35 



Identification of iwum!^ pr|l< 

Using the aotifs identified above for v^i 
class I allele a»i„o acid seances fro. ~ 
timor-related proteins were analyzed for J! and 

obtained fro. the CenBan* data base lE^T,?? 
The identification of motifs was do J, 3/9i) ' 
program (Devereux, ^^Z^Z^lT ™™ 
Research liOl; 387-395) . es U984). Nucleic Acids 

The amino acid seouenee nr - «-»._ 

th. «.„ of Hunan r.pilloo. virus ( ^, ^* In 
«ti,e, (Psi) . pS3 Epetein^Barr ^7 SP * Cl " e 

For hbv, binding motifs were id en «-4«n ^ 
adW ^ ^ m order to avoTd ** ^ ^ 

sequences, all of the adr motifs and JT " ° f ident *«* 
adw and ayw that are not p" Eent in «d ^ B ° tifS 

of peptides. P Bent in ttdr were **>ed to the list 

In the case of vrrv s ^ 

«r« identified on those region,, Hot "» 
(on. residu., wllttoil ^ J- » or very littu 

•f «sidu. 8 7„ to 3010 rro. , vte« iltl.! *" 

analyzed. Mo tl «s co-on to all £e i..,. ' ° ls ° 
«*> aided, to tn. peptide list. 8 
Mnally, . consensus eeounn^ . 
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fro* the Los Ala»os National Laboratory database fMav 
release, and analyzed in order to i^ity^lVZt Zl 
constant tnrouobout »ost viral isolates. \ Q J S ^ * ™ . 
small degree of variation (one residue, i„ 2 to JT 
added to the peptide list. S) WB also 

Several notifs for each allele shown k-, 
to scree, a „ ml Mtl9ane . tro^t SZZ Z^: 
vl™. (HPV, type i« Mlllo Botlf . fro]1 T» ^" 1o " 

.hove «e .ho™ (Isbl . 9) . ^M" 6 • U ^ t 

MAGE 1, 2 and 3 wLe LLl e r/ Tlbl ° " 

from .u .u.i es (Tabu motif. 

-tu. fro . all .Li. 8 (T^i.^i, fI^! w* SMrch °< f " 

^ ProteiIM froB h ep. tlt "i- vi ^r^ :::: «- h 

the conv.ntlon.1 symbol letter for ^ m ° tUm ' 

The l.tt« -x. repr^ents " «l fl c^tT. ln : ~ 
«olo). card a " r «*«' (any mino 

The follow .oti fB wa 6creened in tte prMent 



search: 



For wr.^- fl1 f A ^ Tripil 

1 XSXXXXXXY 

2 XSXXXXXXXY 

3 XTXXXXXXY 

4 XTXXXXXXXY 

5 XXDXXXXXY 

6 XXDXXXXXXY 

7 XXEXXXXXY 

8 XXEXXXXXXY 

For wr^-ft-», ? fn-nip]) 

1 XVXXXXXXK 

2 XVXXXXXXXK 

3 XLXXXXXXK 
X 4 XLXXXXXXXK 

5 XMXXXXXXK 

6 XMXXXXXXXK 
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EOT HLA-ftn fa^TPT). 

1 XTXXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 
< XVXXXXXXXK 



ror hla-a?4 . i t**?m\* 

1 XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 

4 XYXXXXXXXL 



Peptides with MHC Class I Binding Motifs 



Table 9 
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AA Position 



Sequence 

30 ZHDXXLECVY 
69 VCDKCLKFY 
77 YSKISEYRHY 
80 ISEYRHYCY 
92 GTTLEQQYNK 
93TTLEQQYNK 
106 LLIRCINCQK 

2 HGDTPTLHEY . 
16 QPETTDLYCY 
44 QAEPDRAHY 
89 1VCP1CSQK 



3 RFEOPTRRPY 

4 PEOPTRRPY 
25 LQDIEITCVY 
41LTEVFEPAFK 
72 YSRIRELRHY 
84 SVYGDTLEK 

101 LLIRCLRCQK 

59HTMLCMCOC 
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Antigen 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E7 
HPV16.E7 
HPV16.E7 
HPV16.E7 

HPV18.E6 . 

HPV18.E6 

HPV18.E6 

RPV18.E6 

HPV18.E6 

BPV18.E6 

HPV18.E6 

HPyi8.E7 



HIA molecule 

Al 

Al 

Al 

Al 

All 

All 

A3 

Al 
Al 
Al 

A3, All 

Al 

Al 

Al 

All 

Al 

A3, All 
A3 

All 



HUMn ?apillOBa vi ™ l« and 18 (E6 and E7 



Proteins) 
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Peptides with MHC Class I Binding Motifs Table 10 
AA Position sequence Antigen 



2 SLEQRSLHCK MAGE 1 

96 SLPRAVITK MAGE 1 

96SLFRAVXTKK MAGE 1 

108 DLVGPLLLK MAGE 1 

128 MLESVIKNYK MAGE 1 

128MLESVIKNY MAGE 1 

152 QLVFGIDVK MAGE 1 

161 EADPTGHSY MAGE 1 

182 LLGDNQIMPK MAGE 1 

215WEELSVMEVY MAGE 1 

223 VYDGREHSAY MAGE 1 

238 LLTQDLVQEK MAGE 1 

239 LTQDLVQEK MAGE 1 
239 LTQDLVQEKY MAGE 1 
240TQDLVQEKY MAGE 1 



HLA molecule 



A3 

A3 

A3 

A3 

A3 

Al 

A3 

Al 

A3 

Al 

Al 

A3 

All 

Al 

Al 



Melanoma Antigen MAGE l 
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Peptides with mc cl.es I Bindi*, Motifs T .bl. « 
M Position Seo^enc tatlgen HLA « lccule 



21 IVGGWECEK PSA 

57 LTAAHCIRNK PSA 

88 VSHSFPHPLY psa 

95 PLYDMSLLK PSA 

178 DVCAQVHPQK PSA 

182 QVHPQKVTK PSA ^ 

236 PSLYTKWHY PSA ' 

239 YTKWHYRK PSA Ml 

241 KWHYRKWIK PSA ^ 

242 WHYRKWIK PSA ' 

A A3, All 



A3, All 
All 
Al 
A3 

A3, All 



Prostate Specific Antigen (PSA) 
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Peptides yith MHC class I Binding Motif s Table 12 

AA Position Sequence Ant^ 

* HLA molecule 



15 



2 STNPKPQRK HCV 

14 NTNRRPQDVK HCV 

43 RLGVRATRK HCV 

302 VQDCMCS1Y HCV 



556 HMNSTGFTK H CV 
3 ft A3 
605 LTPRCMVDY HCV 



All 
All 
A3 
Al 



626 FTIFKIRMY HCV 



Al 
Al 



Hepatitis c Virus (Consensus Sequence) 



\ 



15 



20 



5 
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Example 9 

Quantitative HIJV «^ , f T b lnfalttJT ...^ 
To verify that motif^ontaining peptide sequences are 
indeed capable of binding to the appropriate class I 
molecules, specific binding assays were established. HLA-A3 2 
»olecules,were purified from GK3107 EBV cells by affinity * 
chronatography using the GAPA3 mAb (anti-A3) to isolate A3 2 
Prior to the step, the lysate was depleted of HLA B and C * 

^t^"^ rCPeated PaS8a9eS ° Ver a B1 - 23 ' 2 (this 
antibody is B,C specific) generally as described in Example 2, 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK) , containing an A3.2 motif, was used. This 
peptide contains the anchor residues v 2 and K 10 , associated 
with A3.2-specific binders, described above a Y re***., 
inserted at position 5 to allow for r^oZill^Z^Z 
were labeled by the use of the Chloramine T method BuJ TT 

re^^cT" 23511352 (1987) ' ^ iS —in by 

A dose range of purified A3. 2 was incubated with in 
nM of 941.12 at pH 7.0 and 23-C, i„ presence 

' xn presence of a protean a 
^itor coctau » m P HSP. x. 3 „, lM pbenantLo^T „ 

cbloronetbyl ketone in presence o, x ^ j£Z 

radioactivity was by gel filtratio „ ^ ^ 

coluan. „ previously described for class 11 peptidT^L 
assays in Sette et ai *~ e * P«P^xae binding 

Gefter ed „ „ \ I SeBiMrf! Timinnlnjy,, Vol. 3, 
^ieTj.^' S «» 4 «». HliUdelphi.. 1 991) , „, 19M ; 2 

observed at 15 nM JU.2. binding was 

To miniai*e KS.2 isage and to increase «,. 
s-itivity o f the assay, . co^^™™^ „ , 

5, 7nM A3. 2 and an equivalent concentration ^ " l9 ' 
— -e incited nsing tbe -^i^TT^ 



5, 



10 



15 



WO 94/03205 

PCT/US93/0742I 

56 

(«4.07), a Prostate Specif ic Antigen peptide («, oil .J 

^Mbit*d stro»g ly . vlt h . so% concentratlo „ 
(ICSM, of « HM, vhiie a inhibition was Served vith 

Wtide ,„.„ ,1C50« ,40 nH>. Pinelly. peptide «H 7 di T 
not eho. „ y inhibition up to the ,. m ZZl. ^ t e 
excluded th. t peptide, ^ 939 . 01 ^ ^ » 

i.eiaseified as . 1„ a«i nlty or negative hind" 
Throughout this disclosure, results have been 

IT' inter ° S ° t 1C50 ' S - Gi «n the conditions invhich 
the assay. m run ,i..., llxltUv ^ » *"* 

concentrations,, these values approximate K„ values « 
should be noted that IC50 value, can change! o JZ 
dramatically, if th. ^ condition. « e ^j", 
d^ndin, on the Particular reagent. used ,e ' 'cWr 

ligand. 1PP " e '* "•*" Ure ' 1 1050 « - Siven 



20 ligand. 



^d ^^^\?jr;:% v ?:^ a ^ - 

reference peptide, T*e reference peptide is toJV. 

assay Ae . parties assay ^ ^ e " ^ 

sensitive, the lC50«s of the peptides te^ln 

somewhat. However the 7 My chan * e 

ver » *he binding relative to *-h» 
Peptide will »««. .... to. the reference 

^ H ae W111 not change. For example in » n .« 

conditio™ such that the xeso of tL ref ^r^l™ °~' 

increases lo-foin a n -r~~~ ue peptide 

.pprox^ate", ""fo'd ^ !"* ?° 

— of Vhether . ^ .^r^^T"' 
or negative binder should be based on ^ !^ ' 
the icso of th. standard peptide ' ~ tatl " t0 

r ^-/rdi7fri^^ rt -— - . 

should be modified bv *T Native binders 

mooiried by a corresponding factor p„>. 

w * F °r example, if 
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(.941.01) were to be measured as 0 nM instead of 5 ■* th. 
Peptide ligand would te caUed a go od biDder ^ * ™' ' 
ICSO Of le .s than 80 nM (i.e.. 8BM X 0 T " 

5 usual cut-off value of 5 o m. ' ' ° £ tte 

The experimental system herein ,«..«.(k - 
t. test Mndin, of laro. ^ T^?™^ 
"rietv of different class x spe=lf icl Ue.. b ^L 
•Mays can be performed a. follows. Peclflc binding 

The cell li„e BVR vaB used as a source of hta «n. 
dependency of the binding on KHC concentrat^T i TJ^L 
absence of & are shown in Fig. 6 , while FiT 7 d fT " 

used as a radiolabeled Dr J Sequence «* the peptide 

aioxabeled probe (940-06) is AVDLYHFLK. 

HLft-ftl-sneclffy ,n ly 

. source o'ptmT^r St « inli " - — - 

applied to purTf icattoTof ^ * 

pujTiiicatxon of other HLA allele /* ~ 

^"e. ware syntCLd dte^ IZZl^ °~ 

-iM tbe'stand^olcoH « H 
i«=»bation in presence of protease innTL * ' ^ 

illumine tbe relationship^^ ' * 

H" «1 is shown in Pi,. 9 LcT^A f ' •" a « 1 *' 

« little as 30 nH are sufficient to IT! ' ' and 

stance of the peptide used as a rl^Z" * 

°' «» established was verif iTL^^ ^ 

excess unlabel peptide. The ICSO* Z * 

was neasured (Fi g . 10) „ 



15 



20 



25 
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nM. Further Sc.tch.urd an.ly.ic ,Fig. 11} verified 
the .pparent ^ ox the interaction corresponded to 2! nM. vith 
a * of active receptor correqwnding to 5.1*. 

*"■*-"■* Tm«"' f< B nirtnr 

line T. "Z. "* "° 1 * 0ttl " Wera P^i""" the KT3 EBV cell 

line, in this ca M , t-o con.en.ua p^ide. vhoae .equance. 
«r. baaed on the pool aeouenoina data have been eyZ^L 

The r^auxt. of — i.« n t, in vhich th. * hound ./CT' 

peptidee of input MHC va. Ma=u „ d are 

Fig. 1,. i„ both ca.es, 10 - 15 % bindin, v . s obtained with aa 

i,T LL\ ^ COld lnhl ""» expariaenta (Fig. 

»), lilting MHC concentration., ravaaled that the bindL 
«.. readUy inhihitabl. by exca unlabeled peptil 

rtai^pt^rra^i^iac: d tta ~ 

label indicator for A24 a..™ fu^h " """^ 

Wishing an «,-epe omc bindin, ,a.. y £t£ ^ °* 
•ccoapUah.d. m co»clu.ion, .pacific * f ™L , . 
»jor HI* allele, hav. been deacribed. 

Examply |y 
BCPqnslpn of ht.^ ft r~Mf-[ 

^de. . -^^t^-^ 

' A3 ' Md A24>- This allows verification «. 

alanine residues m fi «n- backbone composed of only 

xuues * in some cases, a K 
introduced vith*« fK residue was also 

utea wxtnxn the seauence v*** 

guence, with the purpose of increasing 
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solubility, The use of such "neutral- polv A h^v>~ 
applied to the case of clas* * nolecules 15 
- detail, for example, by Ja rdetz£ ^ 

EMBO J. 9(6):i797,i990). (Jardetiky et al. f 

5 Por «"Ple. in the case of A3. 2 a BO Hf ». 

defined vlth . hydrophobic ^Jf^ >- 

positive charge (K) i„ position 9. Thus to v ^ * 
Presence of these two anchor residue! TZi^Z^ 

- ™vil a thTs y e A " Ckb ° ne ' A3 ' 2 ^n^et" 

L» ^ Vae synthesized (TabL 13) 

^also^^ 

found that In .11 ewes o,. „ M*Ung. it vas 

-oat ea W , the binding «,. also ^olutalv^L^t. 
no binding » darted to irralavant ^aL " \ 
adaptions to tbla general rule ware obae^T T 
"A *" Peptides croaaraaeted ? """^ " 

» «~*p. aa could bava baan T^TZTtT^^ 
motifs for these two all«i M fact the 

- « ^tidaa ra^rriLT^r r • s -~- 

affinitiaa. on All and A3.2. "* l0Ber 

" faction b^r„ r ^ tir 1 ^ 1 r ^ ir — - 

"Uelea of intarast W1 ° , ' B cl «" 1 

additional Ala residue within «*. , inserting an 

" «"~ -ioua. .„ not lo^ad ^itl baekb ° n " ~ 

obtains Uluatrat. that »=ti f . oc ITll'^ * 

^ ««.laa. aib.i t uith . . Ughtly ^ . f £™*"» * 

paAidrTcb^intr 1 ™ ^ - 

ner or li- tte r peptides 



15 



20 



25 
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'S^tSr " pabie ot binding - even if w 

certain O^lbed above show that tte pr M enc=. of 

cert«n residues la the «„*or posit!™,, doM , UoH 
• in a -neutral" poly * backbone) for m* binding. 
investigate to what degree other arino acids {for 
ch-acaxiy relate amino . c ids, ^ be tolerated ^ ^ 
crucial anchor positions, uaiog. of son. of the pol, A 
peptides fro. wa. l3 ^ wtOMile<l , ^ ^ * 
present in Position a (or „ or , v.. varied. The r .."^ of 
this analysis are shown in Tables 15-19. 

In the case of A3.2 ( T ,bi. is,', ln position 2, L M 
I. V S, A, T, and p vere found to be preferred (binding J , , 
relative to previously defined anchor residues, , vj^e c V 
and D were per.itt«. (binding * 0..1 to 0.1 ral.ti" to ' 
prevxously defined anchor residue.,. The substiution of . 
because of its »i.Uar ity to „. in this position shou ld 
^.tolerated. In position 9, K, R, and Y w.re preferred 
Because of a staii^ty ln Mture fc _ 

preferred. Ko other residue „s tolerated in ^l"" TlT 

in position,^; TfTY'l- ~ 
•Clarity,. Tolera^'vere c o LI'"'' "f ° * 
Xn position 9. K was preferred'ana R llTtlZZ Tl' ' 
also be tolerated by similarity. tolerated. B should 

In the case of A2« (Table 171 v .„.. - 

£=r ^ rrrz f - — ^ 

-H^e^ion,. ho 9 :^ 1 ^: r^:::™ <u * h 

•nalog. containing two anchors .J s'u,!" T" rMe ° n ' 

«sidues night be preferred or ""rail T ^ 

- -ata shown i» T ab!e ^ ^^2 ^^ 
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In 



H *re preferMd, and no resia „ e j toler<lted Tn 

po-ition 3 19) , o and B are preferred ^fl « ? 

by Clarity, ar. tolerated. FinaUv "^.^ 1 

j^r- - - ott ~ ~ - ---- * 

- bind. peptide, contain^ -i^perfect^s 
carrying . preferred residue at one poaltion .ZT\ ' 
•n. at the other anchor po Bition . sh^a .1 ^ 1 
WndfK,, even if with BOBeBhit lover te «P*» « « 

o, this invention for various J?%L 1 a\\ , 
acid eeou^es fron various viral and tuJ™ Jt."' " , 
were analy**, t „ ^ ^* - ,f t0t * 1 ^ 
«*U analysis is shown in TaMe 2 °t- k thta 



Exaap 2 o 2 ^ 
» Pfptlfl- Binding ^ r nt| m | 
Of 8Pff u p rrt1l1rp 



Human Papillomaviruses rHPVa. »».-.• , . 
etiology of cervical «*« (p/i^ » 7 "^"ted in th. 
biocheeistry of P . P mo M vLl £ "p '"' 4 ' - 
Will, Ha^en, H . (1991) -of!!" f 1 °° ! " W "- 

pathogen^. of ano gen ^reLer ;C^ 0 ", a „ VirUS " *" ^ 
to 10* of total nortalitv ! virology. 184l9) ^, in 

Cervical i. th. a^^TL-l ' " 4:11 "'- 

E., and Muir, c. s /u.., „ 1 ln ' D - *•# 

«^»«». HPV DHa is present in nore ^ 9,, £t 
«r=xno»s and predominantly of the wv J «™ic,l 
■«■ «- corn^iesen, H. ... L^t^ 'VET*" (R "»^. 
*«. H. s.. t« Schegget J L, ■ E i"*inger, G. H., 

Detection tvpinTI, i *" <"»•>■ 

ma typing of human papiliomav*,-,., • 
cervical cancer SBB( . { » a. ^""'"avirus.w archival 

x cancer specimens by DNA amplif icat-*„„ 4*.w 
primers, j. WatI . Caacez . van ! consensus 

Walboomers, J m m „ T BrUle ' A - J- C. f 

' M - dU ""a*. K., Kenemans, P and m 

' ana Mexjer, 
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L?;, 1 " K : U991) * Dif£erence in Prevalence of human 
papillomavirus genotypes in cytoBbrphologicallv no™ i 

neoplasia Xnt. cancer. 48:404,. ^e ability of i« 
► early region 6 and 7 (E 6, E7, open reading frJZ to wf, 
iaaortalize rodent cells (Yasumoto, s., Burichardt, I L 
Doniger, j., M D1Paolo , J-A- 98 papu^*' 
type is oka induced malignant transition •TSSS^T 

mo«?T **' ' ' Doniger, j., and D1Paol0r , 

(»87 . Trans-formation of human fibroblasts and 
fceratinocytes with human papillomavirus type 16 DNA , 

I L r: 1061) ^ t0 — ^blasL ^L h 

L., Raadsheer, E., Rood, I., Mehendale, s. , Slater * « 
der Noordaa, j., and ter Schegget, J ' 
anchorage-independent growth £ huma" emnryonic "E^T !f 

62 4538) suggests direct involvement of HPV 16 in the 
*«lti-step process of cervical carcinogenesis 

In general T cell immunity in , 

, 1M „ _ 3 «-i«3, Melief, c. j., and Kast, w. M 

(1992, . Le S80n8 from T cell responses to virus iZ L 
for cancer eradication in general. Znll JZ 
Recently in a mouse model, it was r«*^- ! f^* 81) * 
protection against HPV i. « ~ ***** *»' **ree of 

with CTL after immun^L" iT^I 1?^" ^ 
(Chen. L., Thomas, E K Hu « , •*P»»«iag cells 

Hellstrom K e til™" » ' Hellstr& »' * and 

nu,.!- L . ( 1} * HUBan PaPillonavirus type 16 

nucleoprotein E7 is a tumor reiection " 

*Wf. M. 88: no; Chen L c ^ 

« ^ <-nen, i,. , Ashe, s», Bradv w % 

Hellstrom, I., „ellstr 6 m, K. e., LedbettJ a I ' 

p ., and Linsley. p s /io.,, j. A , # McGowan, 

immunity by 1 B ' i 92> * Co8tin ^tio„ of Antitumor 

un«y by the B7 counterreceptor for the t 1v»«k 
molecules CD28 and CTLA-4. cell. 71-10^ T ^ ^ 

protection by CTL was recently shown"*iT * ^ 

ecently shown in mouse models i„ wnich 



WO 94/03205 

PCT/US93/0742I 

63 

synthetic peptides containina err Bn i. 

efficient prying of uitT e P ifc °Pes were used for 

*u- o^ixng or mice agaxnst vime . 
H., SlnXernagel. R . M « ™ 

j. , B lt ». H. j. a., voordouw." "* mIi ' L - 
KolakofsM, D., „„, ,, eU(tf ,tele ™. *• H., 

...inst MW Send.! vlrM <" «*-t«*ta. 

vaccination with . en. J^T T ^ " ehle, * d *>* Peptide 

E7() th.cn. epitope delved fro. th. vir.l onoog . ne 

deslrabie " " °" d , " PrtKlUCt> ■» the M .t 

induced tuuors. !!! T^tlon •»—* HPV 16 

"naoren. v., Br.un. „. a., l^"' °" J - »>elps, 
"• U«'J. structural end txjjT^'. "• *" """ley. P. 

Papillomavirus type 16 T"^ ^ a "* ls " ,1 « <* 

yi ype 16 sequences In cerv^.i * 

lines. j t vlrol . ^ -=ervi«l carcino» cell 

("««). TrMu.cript.on „»T ' Hat tstein, p. 0 . 

=en- ln . ^^Z^LZT' 11 ^^ " 
"entmcation of the TJ^^T^^ ^ «* 
„d lnvolved in a— . sci. 

ceiiui^ tr^f WtloI1 ^r^r « 

Crawford, L., and Banks l M...T' """^enstern, j. 
<* E7 protein is rtuuired'i C °' ,tinU * d «P««ion 

ph^typ. of e 7 . of th. 

" «a° 3; H :l" ^l" 5 ! 0 ^ * «^-« Pius 

16 E6 and E7 . °* and Schiller, j. j (1989) 

° f «U U— derived J^™' « *» vitro growth 
•* " «Kl E7 ™*has ltM i^*^™ C * n = ers on the expression 
-aiutewnce of the phenodfT ^ ° n00 ' e "- 

•von Knehel ooeheriL; ,T^T .^T ^ ^ 

- ' ' Bartch r d., and zur 
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Hausen, H. fl991J . In£luence 

glucocortico id -^ ated ^r'tl 0 ^ 0 - 1 integration on 
Papillo^virus genes E6 and 1 * ^^^ation 

^ ^ ^ w carcinoaa cell*. 

5 h ePitOPea *» d Potential vaccine candL J° «» CTL 

hUOans ' weened peptides soa^f ° f ^ 16 

Protein stances fol Lil ^ZZ^ ^ " * « ^ 
Sequent hu»an mhc molecules ^ f ° to "oet 

A24 Co^ thes e £lve ^ ^ « 
-rid population (Dupon ^ b £ cover about w of ^ 

Tol " Hl6tOCOn ^Uty Testing i;^"" 01097 ° f 
rorJc) * g s P ri nger-Verla g/ New 

A complete set of 
t~t«d for ^ ^ "J™ 1 """- «» peptic ver. 

'or th. respective a, u afftnl *y. of «la peptic 

P^it e iL PrediCtiVe Cities « d S e n ° f boL 
Particular anchor aa reside necessity to hav« 

Peptide. residues on positions 2 ,,f ^ * 

4,8 2 ' (3) and 9 in a 

Peptides. p en t-<H« 

• *• Marshall, Ed. 
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ESC0M ' Leiden. l003-ioo<n th-. » ^. 

at the c-t^TL TST iU °™» « °°°H 
-* chain protective ^ ;: r r e e the resin ^ 

« lyophilized and dissolved , t , "™«ed phase hplc 

«175) before use. Once dissolved^ 9 ~' L ° U "' *> 
•t -70- c. Since cysteine con^ITL fT? - " ^ or «' 
to (air, oxidation during T *" ™°«Ptibi. 

- Prides were seised ^TlTi^ 1 ^ ^ 
cysteine. alanine instead of a 

" Ratification of nenfcvw^ * 

of 240 peptides of 9 „ lB JZj*" * * U * 2 "- * «-Pi«t, set 

5 the sec.ence. of thTe^Je ° VerlaPPi "' * • «. 

Iproteins, was tested for hll" " * 17 

"oleeules. ■** MMlns to 5 liferent bia-a 

«.«-«, Th \ZTZ ( " ZtZT °" depicted 

^ to HLA-AL .oi.cul.r r,, ' PaPtld °" « HPV 16 

only peptide, yiexdin^^^-^'t^ted. Listed 

<»••*>. • with inters^i,:. ...,"! B a " inltv *> ".is 

molecule 

««i»ity (o.oi-o.ooi). Pelt^ <°- 1 -»-01) end l with lov 

-low co^. rieon ot d.t. 1"""^ by *— ~ 

T ° oeleulate th. oonc^tr.tlon " ' UfferB < 1: «*P«i«nts. 
• 50, inhibition dose «, to view 

fe standard !c 50 by thereto *° «- ™lue of 

» IC S0 of 23 „, , 81/3 . 5) .' ™ r eX ~ ple ' PoPtid. 

£6-80 

»•> T^ir T ides ^ *— - - 

"ttnity bW t , , „ i*»ti« M as high , 

low .„i„ ity blnderB _ ^n„ :r , d " ri : ity bw ° - » « 

* to HLA-Ail . 2 .owis ' ! d r= rib86 <*« Peptides that 
— tifta.. 4 interna". a mnlt "f """^ were 
«m„ity binders. Two hil ^ " W 

and K - eo XS^"^^ Peptides (E6 . 59 
P-Ptides with a , at ^ 

1,2 QQUJWEVY, £6-69 
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VADKALRFY) were identified for HLA— All 2 c^h • 
binding strength of ^ ^ ^ ^^f^ 

between the HIA-A11.2 »otif Md J L ^ 2 » 0 ^f ******* 
V-s are preferred at the 9th aa position * WhiCh 
5 - the 9th position in Z^-^TJ^ 

Tables 2i (b) Md (c) it is clear ^ete is I 
of peptides that bound to both A3.2 and All ' T 
Eighteen out of 28 E6 and E7 peptides binding Z Z 
nolecules overlapped and only 8 oeniHn * tV ° 

10 A3.2 and 2 peptides unigue fL hL^ ^ ^ 

Finally, Table 20(d) deserih»e 

« «9h affinity blnalng V« l!T Were ld<5ntmed 

binding peptic „„„ 5 JZJtt^.L ««*• affinity 

15 »«^ty peptide (E6 - 72 bJ^STILT^"' °" 

««„ity peptide (E7 -< 9 ^TL^S"" 11 *" 
that an A at the second positiTsh^ indicating 
A24 »otif . U1 these inc^onT T < ' UOWea to «» «*- 
*» "aiyzin, these table" " ^ bT ta ^ 

«d 7 high Mflnitv hi,!? concluded that between 2 

«re binding to .ore alieles JZT , * B °" e PeptldM 
«-7 9) . bound to HLA- M .i ^ 2 Th ^ (E6 - 7 ' "-3, and 

38) bound to HU-A3 2 »,,'," ^ One paptide (E6- 

5 and E6-.0, bound to'^" ^ ^ ^ *» ^tides (E6 -„ 
— tive PaptldeTbotd^y^-:- ^ ^ 

- 

-~ ^rZZZZTZZ!* ~ - aji 

We analyzed how well ^.i^ S 

— Hb- in this inventioriet<^e f bTr h ° r P ° Sit1 ^ 
Pnptioa, and the revere.. * ^ o£ « 

^Uo.ed the identified^, ZoT '^^ 
»*ed „, high binders, inte^edia^ Zl' 
«d negative biMers and for e »l Ueak binders, 

*— - the anchor tieT^ ^ 

or Table 6 were analy 2ed . The 
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overaiX efficiency of the 2 ,i> 
. and this is ej^^ r» J—* «tifs was then 

«n°*"ded tiat the .otif dJ^l II 2 °' e) • » * 
«*-» -oXeculee are guit. tSS ** "» di »««t 

' the Kt^, u ' ' ^ 6 ' °" e """"red percent of 

binders bet™., „ ^ 100< ^"J 0 : «*■ 
the Htt- A MlMul . analyj.^*!*" 41 ^ '-Pending on 
M-** Prides that vouXd J^S^T, «—=«« °< wee* 
P~=«t „f those peptic that p^.l" ^ °» 
eetuaXXy did not bind is very loTLf f, " M •« 

bind to HU- M aetMlly 5 ^^"" " ^Ptlaee prea^ ^ 
affinity. This lBdl J M ^Ton' . f " int ^"«. 
*> * M. to find these potewux ^ ~ WOUld »«» 

respectively. This 1-piies tneTt* ' <UKi 4 "' 

« ""exes is goL bIsTL Pr « ,icti ™ -lue f„ r . u 

«»t had not b«n predicted * ! °" U « Peptide. 

t»- (-) in T*,xes 21(a) . J * fV^"'^ Scribed 
P«<ttcted by the 2, f3 , ' '' « Peptides that were 

Meeting that ha^'thTrW ■° tlf ° M ~> 
«m=ient for binding Z ZtZZ^T™ U "* ^ 
residues can ^ ooTtr^ * " 0, -°'*°* 

Peptide. contributions to the binding of , 




tf ^^^^^^ 

ZT t the^ C it7oT e d i p ;r nc< •* ««— * 

bind to the rex.,.*; ^ ««ere„t peptides^ 

Potential target B oi. cul . s „° ' ' of various 

-oti^-containin, peptides"! ' *T "* ««enc. of 
S^T*- - teeted for b^C^**" — 
" «•» ««• of A3. 2 , only 3 \ " "* (Tobl. 20) 

^ with high affinity'^ tte x to s „ " ^ 205 ^ioes 
then bound with to 50 «* range 

i-ter^iate affinity ^ »-0 « 
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range), while 34.6% bound weaklv ti~ 

rang*,. Fi^Uy, T " 50 *" 

up to the 50 MM level r„ «.„ ^ at « U ' least 

100 P ep tidea bound ^ SJ^JV"'' " P3%) " «- 
5 3S * ° f ^ -ound with inteledi a t L * *T " ^ ""^ 

range.,, while 24% bound veafcly (i n L e soo ! " 5 ° 
range,. Finally, 8% of theadid not^bi ! V" t0 5 ° " 
to the 50 & level. * at ^ * least up 

Similar results were ^ , 

» in the „ A1 .„„ M4 TOe al °° <**•*"<><> (data „ot shown, 

«>« «• type of analysis «..-. .1. 
case of lo^er peptides carrying Phoned 1„ the 

the freemen- « ™ * r ,,n,, ^ l " 

"-"f-containl^ 10-..r peptide. »„ .T ^ 0,6 

1» "enerai, r^,, . ffln £ ™" lw, ~ d "1™", alb . it wlth> 

in suaaary, the data show, i- 
<*ow that the pr.^ of thTco^L S « ctio " <*«« y 

—Molt per s. to .UoVfor^H, " r * SidUea *• «* 
apparent that the nature" Z " *• «»» 

Positions oth« «,„ 2 .,. ff* contained in 

- «t aUely "» "> can i„n„en« biMing . 

of certain re.iduea ^ L ° f " «. 

— -gate or increase the biil "* 0th « 
*>t«r«ii»nt. tt * bUKU »9 Potratiai of , p eptl4e " 

•P~i«c ^oC^c^tu^?," 0 " 0 "' - 
"ontainin, peptides. P«pt ld „ th" J . "*" Y ' " itht " "tif. 
"anted to devise „ altLa " va .1" 1 ™ Un °' enlc - «« «*» 

that wouw b. J ***** to derive 

"-"•tain, pep UdM "!r/ vitM » «tif- 1 

intermediate binders Indt, ! ^ *> °°»d or 

«^ws notr^z^:^ u -~- - 

shown to be isogenic ^Tpal? ? '° 0d have 
"sidues ^.at ta " °- Ia Wrticulur, to identify 

' U -itilns for U ,X Z °" » of 

ut * In the case 
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of All, because of th« om.ii 

«■»•*•• good «d intermediate bi„„ ^ **• "»ly»i« 

— wu,,^ on ^ ^" te blnd ' r ' ! «» the on. hand to WMfc 



■Example ^ 



elgoritta. ar. developed to J^T"** ln » *bove, 

10 tad upon J e«ecta :, diff *° re / MCt « 

-ition of a peptide S ^.^/ ln ."17' : M1< "»» « «ca 
conserved residue. *™T. , ~ Wltlon to the anchor or 

» 'or we* p.rt teul<lr al to develop ,„ algorithm 

■«* ls r::L\r t p h tida - - ** 

».idue in go0 d and intend!." bll' . ° f *»~ 

10 OCCT ""~ tn. t residue u It^.* ^ «— "» <* 

rare residue. mch „ tzypt ZlT t "^""tered with SOB . 
occurrence, to obtain a „!!T^ ' ^ "° too few 

"-tin, u ^ Bt ■ 1 * d ' 1 — »• A 

=on«rved residue, that defin. T, ""teinin, 

-red in the Ci^T' J''* » 
or «Mh of ita residue.. Product of the 

scores 

of Peptide, with the highJt otl" Pr * diCt » Population 
on. were to r. ly . for 3" C ° ° f •«* W*™. „ 

Pr.dictl*„ peptide. ^,, ° ' ° n "* " 9 "*if for 

*•» large number o7pe£deTco»t T« *° * "» 
Predicted to he ^CT^cT T ^ 

— ^e of the peptid^- ^e^ 
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either weak or non-binding peptides t„ 

«r. created with a greater per=«*.g e 7 g tr b Ll PeP 
oreater percent.,. of intereediate '^11^ '° Et " 1 
5 percentage, relative to that predicted^ -oS, " 

peptide., are »eak Bon-binders. «"*--»t.i«n 9 

*he present exaaple of an aloortM.- . 
the ^ e , occurre^e of .„ «2rSr inM °< 
non-binaers to .easur. the impact ot T^tl ^ ^ 

' -W- «* . Peptide. Xt is L^T.on^"' 1 ' " 

of ordinary skill in the art that thare .« *° 
Of creating . .inUar algorithm ToTlZlt 
.ver.ee binding affinity value,, or rela^va 
->i»o acid substitutions in a sotlf ^ f ^ ** Sin » le 
Alanine backbone to ^Tl^l^ ^ " 

.laorithn by calculate for each a.i no Z T *" 

•veraoe log of binding when that particular' re*L 
o»r set of notif containing peptioeT ™! T in 
a peptide is then taken a. tne sTof tT ^ for 

for each of its residues 

* ™ e 8cores by position 

Thls example demonstrate *-k„ 
lotion or acid stripping " tld , T " ^ *-•«*«« 
effective ^ ltlM ^* "thod to prepare 

r « — — to sLu":.^:^? 9 ." 116 «*»■ 

lymphocytes which ion r ^otoxic T 

celL ^l^cl^lTr ° f "«'«-^=if io 
P*ytch^ lntlnln TceTTo^ USl " 9 eUter 

■"nonuclear cells pbmc, J I ^* ° r ^fieral blood 
^activate* ^^T^ZT^ — 1 
other APC ^ to the other «HC alleles^ aW ' li « M <' *° 
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The following describes sources for , 
the following examples: *«terials used in 

L-As corbie acid, cat #BSB2 t « 

NJ. J * T - Baker ' Phillipsburg, 

Anti-HLA A2 (BB7.2), Cat #HB82, ATCC Roelcvii, 
Anti-HLA OR (LB3.1,, fro* <4gf ch^ ' ^ 
Hospital, Pittsburgh, pa. ^^en's 
Anti-HLA Alpha chain pan ABC (9.12.1) f ro » » 
^ — ^ - ^consL, n^i" 
"ut:r PITC C ° njU ^ ~ st. 

tf 2 »»icroglobulih, cat /H0114 Snr-i^ r 1 

CA. ' Scri PPs Labs, San Diego, 

BSA Fraction V, Cat #A9418, Sigma st i^,.- 

SOcc conical centrifuge tubes ^ fL^ ' "°' 

Lincoln, Park, Nj ' *** #2 ° 7 °' Falcon ' 

See^: r r n9 C ° ntaW ' « '5100-0001, Kalge, 
Cryovial, cat #5000-0012 Hai«» » w 

^ . ttltoxlde <^.^£~£.«- 

I-ouis, MO. u ' Sigma, st. 

Dyoboad* m-«so „»t ™ le9 °' 

"W. e „. t Heck Hy I9G ' C " 

r ~ • — . St. toui „, 

Gentamicin, cat /600-57S0AD Gibe,, ^ 

L-GluWne, cat #9317 i™*' V **** l8land ' **• 
^ t #9317, irvi„ e Scientific, lrvine , 

~ centrifuge, Bec^n Instruments, Palo Alto , 

Human AB serum (HS ), cat #100-112 iw < 
Bioproducts, calabasas, ca. ' 
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Human rlL-2, Sandoz, Basel, Switzerland. 
Human rlL-7, cat /Fl-1587-1, Gen Zyn> e, Cambridge, MA 
Isopropanol, Cat M464-4, Flsher scientific 
Pittsburgh, PA. ' 

5 MicroCELLector T-150 culture f lask for selection of 

CO,* ceils, cat ,3030, Applied lBffiUne 

0RT4 hybridoma supernatant, cat ,crl 80 o 2 , atcc 
Rockville, MD. ' 
Parafo^aldehyde, Cat /T-353, Fisher, Pittsburgh, PA 
PBS calcium and magnesium free (CMF) , cat /17 T, J 
BioHhittaker, Walkers vi lie, kd 

l^tTZ^ — ellcome, 

WWI 1640 + Hepes + glutamine, cat #i 2 -n 5B 
BioWhittaker, Walkersville, md. ' 

1640 + Hepes + glutamine, cat /380-2400AJ 
Gibco, Grand Island, NY. 2400AJ, 

Sodium chloride (Naci) , cat /3624-os t n. » 
Phillipsburg, KJ. «624-05, j. T . Baker, 

sodium (Sicr) chromate, cat /nez 030, nek, 
Wilmington, DB. ' 

sodium phosphate monobasic, Cat ,s 963 e, sigma, St. 

24 well tissue culture plate, Cat ,3047 Falcon 
Becton Dickinson, San Jose, CA ' 

96 well U-bottomed cluster plate Cat «,oc 
Cambridge, ha. ' ^ /3799 ' Costar, 

Culture Medium, pha ki.^. 

iype AB serum (Gemini 
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Byproducts) f RPMl/5*HS). EBV transformed IvmnhoHi v> ■ • 
cell lines (LCL) were Maintained in *£^7T^*?" 
Slutamine (BioWhittaJcer, supply enlT^U t J + 
"entamicin as above and lo/Lat 
» (Irvine Scientific, t RPMX/io% FCSJ . Chro 0iutt r^se 

were performed in RWa/10% PCS. "lease assays 

Cytokines. Recombinant human interleukin-2 (n L . 2l /c 

was used at a final concentration of 10 Zli t ' 

human interleukin-7 frlL-7» m ' Recombinant 

WM 7 f"L-7) (Genzyme) was used »«-„«• « 
concentration of io ng/ml. * * flnal 

Xsolation or Peripheral Blood Mononuclear Cells (PBMCi ^ 
blood was collected in heparin (io O/mli ^ * * / ' * 1,11016 
and spun in SOcc conical centri „g e t^es ^ ^ 
(Becjcman GS - 6KR , 15 ^ ^ ^ ^ con, at leoo rpm 

and io ml of the buffy coat collected w£h Ho^ 
using a circular motion. The buffy cj^ !i , 
and diluted with an egual volume of 

diluted buffy coat was then layered o ve7 20 " ^ ^ 
(Pharmacia, fa a SOcc conlcal * d ~ 20 « Ficoll- Paque 

20 min at room temperature with^heT v" ***** 4 °° X 9 f ~ 

using a transfer pipet (two interLl Z solT.T^ 
washed three times with 50 ml rpmi rTyoT ' *"* 

for io min. RPMI (1700, 1500, and 1300 ^ 

contains (H.lge) contain!.*, i.„ ^ 1V: fr «>zing 

transferred to l iquid nltrogen f 0 7 l0 " t l 

~« ^ continuous ^T^J^T' 
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fi.pi.Uon of iyaptocyt. subpoptuation,. C04 iyaphocvte 
*Pl«««t W parta^a* u.in=.antibo d y-co.ta d flaateT 

<*PPU«1 InuM Solano*,) vara w.ah.<i .ccordtB, to the 

Action. vltb 25 .1 PBS CMP + X « ^ 
(Sio»a, by .wirlin, „ aa)M for 30 sec ^lowad by i^L 
for 1 br at roo. t^atur. on . flat tartm _ 
..pirated ana fl^a war. v a , hc d 2 , dditioMl ti«. * ™ 

»«e aodaa ana lBcub , ted for 20 Bin „ t ^ per ™J e " " 

"?»-• — 1." in tb. untiHt ^ raaav 

to r.c.iv. tb. oalls. PBMC „ra tbaw^ in RPRI/5* HS ' 
containing so ag/i ONAaa, and V a rte d tvie. J,L?L 
bloc*, po r.=eptor. on PBMCS. , or on. l £l . 

>*» was "Pirated f „» tba flaa* » M then the^all 

contains, tb. cells vara incubated for l hr 1 
tenparatnre on a tlat aurf.=. .» »u 

- <~ to 00^.^^:" ^ILT' ^ 
"Pxete culture medium (REKI/5%/HS) . 

Generation of pba Blasts, PBMC were i««i»4. „ , 
standard Ficoll-Paque protocol Tozll t T * 
twice before use Ce ,, fi " Cells were waeh *» 

«L-2 bl . ets ware ZLIZ* 1 L^T^l % 

containing 10 u/mi r IL-2 with * ltUre nediuB 

G.nar.tio» of e^ty cl« s j LZ T * 6 °* cultur «" 
— iaolatea uain, tb. .icoU-^a p"tLt ^inT 
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frozen ceils, PBMC were washed twice before using 

ZirT* * PreVi0 " Bly vasneT^icT^ 6 
using, once cells were prepared, they were wash*** 

cold sterile 0.9* Had «,.,. Baker, /l^L In 

5 conical centrifuge tube, the cells were ' J T , 

in cold sterile citrate-phosphate buffer" "^ 

PH 3 1% BSA, 3 W/B i ^ croglobulln (scri ~ 
incubated for 2 min cn ice. Mediately s L 

5 nin at 4»c 0-11 Pelleted at 1500 rpn, 

nr. at 20-c. cell, were diluted with culture —n™ .. 

•SPrcc^tely s » xo'/ml end i^l^THZ 'oo , 

«r. then c„tri, ug . d it 1500 ^ f „ J ST.?^- «•«• 

*°°P°"*«r° were PBMC that .ere deHe^TjT PreP " r ' < ' ! 
culture «^iu« at 3 x io«/»i , , ""wpended in 

Placed i„ the incubator at 37-c »™ PUtes we " 

Potion w« ready, o^e L ad at ^ « " ^ 
'"u.pend*. i„ culture aediu, Jt'^L i0 * "° 
M«/al tor the pbmc, or at z rI1 "' •» 

- 1 °< "Wor cell ™ 1 

Pi "" »«ai"i»a tn. reader.. T, "a^" *° 

on oay 7 after induction, a 
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100 Ml culture »edium containing 200 ng/mi rlL-7 w ^ d to 
each well (20 ng/vell ru> 7 final, . on day io after 
Induction, 100 mi of culture medium containing 200 o/*i T IL-2 
was added to each well (20 U/well rlL-2 final, . 

Antigen Xestimulation of CTL. o„ day 12-14 after the 
induction, the primary CTL were restiaulated with peptide 
using adherent APC. Autologous PBMC were thawed aM washed as 
described above. Cells were irradiated at 6000 rads. "el ls 
were pelleted and resuspended in culture medium at 4 x lol.i 
I* 1 ° f ~" -pension was added to each well of a 24-weU 
tissue culture plate, and incubated for 2 hrs at 37-c st L 

IZTJT 06118 ^ ™ » — each weli^ e 002 * 
times with serum free RPKI. After this step a 0 s «,i ,* 
medium containing 3 „g /nl ^microglobulin ^d 20^ ^1^ 
peptide was added to each well. APC were incubated, orf nrs 
KelL w' «"* C ° 2 With ^ P6ptide and ^croglobunn 

10 /ml in culture medium was added to each well AftJ , 

adT; t 1 " " ""^ BCdiUD 20 U m '^-2 wa 

added to each well. ^ was 

Cytotoxicity Chromium Rolease Assav s^»« ^ 
"stimulation of priaary i„duc£o7*th " £ ° llwin * 
the cultures was assessed ' * " 

which . t JL"i £ffC<?tgr CPT1 ^rntll.u: the responders 
which at this stage are renamed "effectors" ~ 

Plate, (cottar,, i„ delicate. • *"' ,,<, elUiter 

Premcubation, target cells were cJtoifuL ^ 

—~ . 2 oo ,1 ( 3o 0<1 c t) -rsr-rrrsr 
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cells were incubated at 37-c for l hr with agitation, 
labelled target cells were washed 3 times with RPMI/io% FCS. 

M C * 'StttM-rcP thf ft ^n vr : Target cell concentration 
vas adjusted to ioV»l in *PMI/lo% FCS and 100 M l allots 
were added to each well containing responders. K562 cells 

111™ ta 7TV ^ ^ ^ M aCtivit *> w-e washed and 
resuspended in BB/iot PCS at l 0 ',ml. Aliquots of 20.* were 
added per well, yielding a 20:1 of cold K562 target: labelled 
target. For the determination of the spontaneous "cr 
release loo M l,well of RPMI/io* FCS were added to loo m/well 
of labelled target cells, and 20 ,1/well of K562. For ma^L 

JL I T * " Trit ° n X " 100 (Sl9Ba > in PBS CMF, was 
added to the 100 ,1/well labelled target cells, and 20 il/well 
K562 Plates were centrifuged for 2 «i„ at 1200 rpm to 

? o T 5 T\ Ce11 C ° njU9atC f0tMti ° n - vere^ncubated 
for 5 hr at 37-c, 5% C0 2 . Assays were harvested by 

^lTlf g PlSteS 5 ^ at 1200 *»* — collecting 100 
wl used trn natant * gaBM — technics 

ZIZT ernine 6PCClf 1C ^ si8 (Hicrced^ 

automatic gamma counter, 0.5 min per tube) . 

Cultured Cell Lines. JY a ht» *■» , . 

r-r> v _f_ _ „ a HLA A2.1 expressing human 

tranSf ° rmed B " ce " ^ne, was grown in REMi/io* FCS * S « 
a NK cell sensitive erythroblastoma n» 

Pes R » «TT«iroDiastoma line was grown in RPMI/lot 

Peptitf... the peptide. „.ed to a,*,. stMlM . 
« cytel and ^ „. dMcrlbK , 1 " ^eTT 

Peptide. were routinely diluted in 100% D«so et « , ' 
•llquoted. end stored at -20-c. ' 

PACS Analysis. Approximately io 6 cells were „ e ~, * 
antibody that was to be tested c!ti * "** 

PBS CND + 0 1% bsa 7 ! ^ ****** twice with 

+ ! ea<=h Bample ' 100 MS CMF + 0 1* BSA 

+ prxmary antibody at 2 fig /ml (BB7.2, ATCC, or (9^2 1 

"r^'wri 1 -:- r ce) or ^ 

««rgn, were added. A. negative control was always 
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included, cells were incubated on ice for 20 Bin Md Vashed 
twice with PBS CMP + o.l% BSA. Cells were Suspended Tl 
Ml anti-mouse ig G FITC conjugate (Sigma) , diluted 1:5 o in PBS 
CMP + o.i* BSA, and incubated 20 min on ice. Cells veriT 
> washed twice with PBS CMP + 0.1% BSA, and resuspended in pb S 
for FACScan (Becton Dickinson) analysis. When It was 
necessary to postpone analysis to the subsequent days th. 
cells were fixed with PBS/1% paraformaldehyde (PishL' J£ 
analyzed within one week. ' 

Binding Assays Usin* Intact cells and Ifcdioiahelleci Peptite. 
« cells were treated with citrate-phosphate buffer an! 
neutralizing buffer /l as described above, controTceli fi 
were left untreated in tissue culture media Af^ ^ 
both cell populations were washed twice^n 
r loaded with -I-radiolabelled ZTo^^ ZT 

■Peclflcity, 2 x io« cells were resuspended in 200 „1 

1 Ml. 01 (10* qm| +/ - 100 „ manned Ml 01 cl, 
«re incubate for . ta „ t 20 . c ^ ^ '^"j**"" 

200 „l of sen. free dwt t„ , resuspended In 

-Pension we. layeredTover L oo" ^aT ~ ^ 
centruuoetion for 5 sec. S^ClT^ * 
radioactivity remaining in the pellet w.« T ' Splr " ted «» °« 
automatic SMM counter, l 1 < M "~«c 

Example 

a a 88 t mr m ^ u nftPf 1 rtB n1 T r1r r| , X Jffijl ^ 

«-*i*> «^ peptides and to lde«u y ^ T *" 
* cell epito w . ^ treatment is unioue ^ ^ -"»»«« 
class I molecule. «. d est.bilUed (enToe^.^ * *"= 
<*il° ail other eur f ace entices J£ lT^ITT^ ' 
class n molecules. Host importantly tr^ ^d"""" MBC 

importantly, treatment o£ cells with 
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the Bild acid solutions of this example do not affect the 
cell's viability or metabolic state. The mild acid treatment 
is rapid since the stripping of endogenous peptides occure in 
two minutes at 4*C and the APC is ready to perform its 
function after the appropriate peptides are loaded. i„ this 
example we utilized the technique to make peptide specific 
APCs for the generation of primary antigen-specific CTL. The 
resulting APC were efficient in inducing peptide-specif ic CD8 + 



rTT"" ^ ^ * MJ ^- "^-induced T— cell blast. were 
acid stripped/peptide levied accordi,*, to the methods 
described in Ex^ple 15. The resulting cells were stained for 
PACS analysi. usin, anti-HLX-A, (BB7.2, end .nti-ai* ^ 
chaxn-.pecific (9.X2.!, monoclonal antibodies, control! for 
m. exper^ent included the ss»e cell population which we. 
hot treated at pa 3 (hut treated with PBS buffer at pH 7 « 
and with eel!, treat*. „ ith citrate-phosphate buffer "J 
the Mac, but neutralised in the abaenc. o, ^nicroglooatin^d 
pept*^ The results present in .lour, is! ind^"" 
teeat»„t of these cell, with the citrate-phosphate (pm, 
«*. -ionlficantly reduce ,10-fdd, the reactivity «'th. 
cell, toward both anti-KLA eta, x antibodies alone 
(«ti-HL»-« .„„ the alpha chain specific,, but not towards a 

ZTZ\T " SPeCi " C £ ° r 01 °" 11 »<= -leculea 
»=L 7t K ° Bt ^^"^ neutralization of the 

acid-stripped cell, in the presence of ^microoiobulin and 
peptide resulted in preservation of . signified ™ „, 
cfcu,. I KHC antibody-reactive sites, with only a 2 S -2l* 
aecre^se in fluorescence intensity, l^crta^ly. ^ e 
acid-treated cells remained viable .= . • 
elusion and ^n^l T^Zt™*^ 1 ™ 
results were obtained usino EBV-tra^fo^LT^n u „l 
fresh (or frozen) pbmc „«■». . lines, 

either hta , * peptides («hich bind to 

eather HLA-A2.1 or HLA-A1) (data not shown). 

Binding \f Radiolabeled Peptides to Empty KHC Mol e»mi i 
-ermine the efficiency of peptide J^J^^ 
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temperature Incubation or acid stripping/peptide loading 
protocol, JY cells (an HLA-A2.1 EBV-transfonned B cell line) 
werepreincubated at 26 «C overnight or acid-stripped to r^ove 
the endogenous HHC-associated peptides and the loading of 

^rrrjT 1 ^ ^ deterBlned ^ a "^radiolabeled 
HIA-A2.1 binding peptide. The specificity of this reaction 

bTnd^TT* ^ meaSUrlng «* labelLTpeptide 

binding using a cold peptide of the same sequence. Results 

10 ce r iT ted * " b deDOnStrate «»* acid-treatment of the 

10 cells xncreased significantly (approximately lo-fold) thl 
amount of labelled peptide binding to the JY cells 
Purtherinore, the binding of labelled peptide was completely 

t" \ f ° f PriMry «* "oth the cold 

20 en!r2T inCUbati ° n — aci * -trip protocol are: 1} 
20 enrichment of CD8 + T-cells in the responder cell MBn 

(or depletion of CD4+ T-cells) 2) addi« ! POpUlatXOn 
CM. indMrt.<« ^ C «"S), 2) addition of rlL-7 to the 

cn. induction cultures from dav n ^ 
cultures with * re8ti »«lation of the 

» 17 6 h» expert „ , Pre " e,,tBd in " »nd 

cell hi, IT. . PeMonred using PBHC and PHA-induced T- 
=ell blast. M we. plguM 18 ^ „i "I. 

induced T-=eU Meet. «a APC while F ig ^e ^ " h 
PBMC as APC. ^ 19 ««« the use of 



30 



35 



PBMC as APC. 

Example 
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Complete culture Medium, The tissue culture medium UBed ^ 
thi^study consisted of RPW i6 40 with Hepee and L-glutamine 
(Gibco) supplemented with 2 inM L-glutamine (Irvine 



Scientific), o.SmM sodium pyruvate (Gibco), 100 u/loo ua/»i 
Penicillin/streptomycin (Irvine,, and 5% heat- Jet ^ 
Human Serum Type AB (RPMI/5* HS; Gemini Byproducts) . culture 

T> l^ll\? e ~* ° f ~— l^es conta^d 
10% heat-inactivated fetal calf serum (RPMI/io% pcs t™< \ 
instead of human serum. ' lrVinC) 

Cytokines. Recombinant human InterleuJcin-2 (rlL- 2 ) and 
InterleuXin.4 (rlL-4) were obtained from Sandoz and used at a 
f^al concentration of io u/ml and lo ng/ml, respectively 
H«™ interferons (IPN-^, and recombinant human InterleLn-7 
(rlL-7, were obtained from Cenzyme and used at 20 u/ml 12 J 
ng/ml, respectively. /ml and 10 

, PePtldM 8yntheSi2ed " <^el and are 

described in Table 24 a i> m «-4^ A 

r - - - ^^^^^ 



cell Lines. JY, steinlin, EHM, BVR, and KT3 

My «- A r^»ctiv.l y . Ihty are grown Ja rpmiAo*' ^ " 

«hol. blood was coll^ ^ nspMrln conta "f/ ,B " C ' ; - 

•pun in socc tuw .t 1600 rpm (b!^ «^w or 5 T s i " ,e " ~ 

« s colleoted „ ith , pipotta ..^^ « « °«"y 

«>» butty coat was mixed weU and diluted vi^af ' 

of RTMI. T»e butty coat ( 30 ml, ^ T *" eqU " Tolu » e 

i u kii was then layered on 20 «1 of 
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fer^O ainut... „-c. with the br«e off. The interne 
between the Picoll and the ph. containing the PBMC. "« 
recovered „ lth . transf<!r pipet (tuo lnterfaCM ^ ~ 
tub.) « wsh* tare, tl— with 5. al of rphx ? 1700 " 
and 1300 Km for io ninutesl en. „ * 00 ' 

- - culture aediu. co^a. Z lZlZTT" ^ 10 - S ° 
concentration. equated to the appropriate 

frxgma, were inserted into a Malgene Cryo i» C Freezing 

ZTTzrrr^ iBopropano1 <«^> .-^r.* . 7 „. c 

fro. 4 nr. (aialMn., to overnight (aaxlaua) . Th. f 
v.. change e™ry five tlaes. Tune, were J. "V™*™ 1 

.liould nitre,™ for ion, tern VZl lZl 

ceil. ver. dilal iT^Tj ^ ~ °< 
™-e to prevent cluaping hv ^TZ^Z 

•tJ^c^^fff «- — using 
In »mr«r^ P«*°=ol and re.n.pend.a , t x x 6 

in rfmx/5% PCS containing 0.005* Pmm . h ,. / " 1 
"Preeein, Proton A; caLiochea, 'fT* C ""° 

(Rabbit anti-Human I«K- aior^. 7 Ummab^ 

(Falcon, Becton Dlr*v{» M ~i ^ Plate 

used after culturing for an ad^Ti , * CellS wdre 

for an additional 2 days i„ rpmi /10% Hs . 




X. 1. Cold temperature incubation: 

a. Expression of empty MHC in apc s: ^ ^ 



; WO 94/03205 PCT/US93/07421 

83 

c^^ B C ° nCentrati0n ° f 2 * " 6 /»l in complete 
culture medium containing io.„g /ttl rIL . 4 , 20 v ^ 

Ti ^ mi ^ 2 - fflicrogiobuiin ***** ^ ^ e l ? 

were then incubated overnight at 26-c in the presence of 5% 
5 CO,, it should be noted that these cells only exp« 88 a 
fraction of Class I molecules in the empty state r i 0 %) 

b. Peptide loading of APC stimulator cells: 
E»Pty Class I expressing APCs were washed 1-2 times with 

10 7°5 f ree " m <+ ^ glUtMine Md **-> ««d resuspended at 1 

LtL Se r; free **" C ° ntainin ^ 50 total Tf the 

peptide pool (i.e., 16.7 „g/ml of each peptide in a pool of 

STL 7 g/ttl ° f ^ * P ° 01 ° f ^o; 50 Jml of 

individual peptide), 30 „g,ml DHAse, and 3 ug/ml 

15 IlTr 9 / 4 ^ inOUbati ° n at 20 * C ' the cells were 

15 irradiated at 6100 rads (5 x io«/ ml; 25 million ce i ls/tube) 

washed and adjusted to the appropriate concentration ^ ' 

addition to the induction culture (see below) . 

J*' AC±d Btrl « ,ll| 9 8 This was used 'as an 
alternative method for generating empty mhc on 
20 the APCs Tho «»- T y «npty MHC on the surface of 

AFCS * The SAC-I activated PBMCs were u>«t,~* 

l LTJrr end t" io,/bi ~ u 

Ulter C0.13M L-ascorbic acid f3 t rbv^i ~ 

M „d incubated on ice. After 2 "? ' 

confix „ BSA, 3 , g/ml e,«. M 10 ,g/^' It 

pit— 1— — 

^ wine appropriate concentration for ****** 

induction culture (see below) . addition to the 
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10 



15 



20 



t« th. d.pl.tio„ of CD,. T C.U.; JV 

„ ^ 25 B1 of PBS/1 M 

"end. «. that .11 ^ Z'J" 30 

inciting vith th. bindin, surfac . dowT^',^ f 
tor 1 hour. Following ^ Incubation fl"£T! tM P«»ture 
W 9 orou.l y for 30 seconds , WMlMd x ^^^'^ 

t«P«r a tur.. the rusk. were rock . d ^ 1 " 
r.ou.pwrt the no M dher.nt dl. fot 10 to 

~-P«.lo B contain, 1 ™ + " 0 ™:„ n ° nadhere " t 

*— «- culture. Th. CD4+ ^ ^"1"°" '° *«» 
<*Pl.ted c.11 population wa. d«^,lf h °' ^ C04+ 

• *• -«ner.l, this tecligT"!^ I ^ "~ 
•nrichMnt tor CD.+ T cell. .W r "»"«l ln , two-fold 
«o-s.% cos* t =e«. LTis »i "«*"»•■ ° f "PProxlxetely 
— tlon oT^Toei™ 1 ''^™: * C ' U ' 

•ntibody coated uaonetic b..*. „L y "■W-wt or 

* oil. aer^d th.^^/^"^ • °«Pl«i»n of CD4+ 
«U. which would co^T for T f * "—ina 

!»*«.» with 41,.: nutri ' nta - My 4 
*■ «~r P op U i.t i o^";; p ^* ut ed ,r B,,c 

for «el«,«ion of CDS+ T cell, u. * ! «tUi tin , Ms , 
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peptide loaded stimulator apcs u»« « 

and plated into . ,< 

welia containing tn. raaponL c .u ^ l"^ f"'' **• 
roue ph» bi..ta, i Bl or 3 v , 0 b* , ' f SAC " 1 ,cr ••»»*«' 
Platad i» Mcll vrtl A " * 10 /Bl «tl»ul«tor cans „ar. 

» eonc«tr.tion or rtt-7 (2 J. taJT , fin '' 1 
«W v.. add . d every , tn^ ft « ~ " °« 

- taated ,or ^ ™ -a 

Hapaa, contain, 3 „„ g/Bl '* 

to 5 X 10 « /„! in oulture ' f «— . and ad 3 u*ted 

vaah. th. PaMc ware rasuapandal ^ "l * 61 ° 0R - «*• * 

adjuatad to 4 jt lo«/»l , , nadiu. 

P- wan o t a " *— - -ddad 

« 37-c. vJL Z\Z C vm in ~ ** * 

stored in nadiu. con^L^T ^i***™' 

i"=«*.tad for 2 hoar. , t „.f l'* " 1 VOlUM "gain 

1-= x 10« r Mpo „ d ar iuVr P"* 14 * aapiratad and 

containing 20 u/ ,i m _ 2 w 1 "* ° f calture 

(Sion., plU8 10 uvtubaTwi! **'<>■<>'* «*io» arid. 
Dickinson) , and incused "tl ™ ^"'V^ <B '«°" 
than v,^ 2 ti«a vlth ^ u "Xo^Z 
reaaap^ in PBS ^ '°;" p "^ /0 - M * arid. Md 

«>« it wa. not PoasiblTto L? <B ' < * t< ?" »i<*in=on). 

to „» ly „ saaples within 1-2 daya 
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celis were fixed with PBS containing 1% Da ^^ . 
(Fisher, and analyzed within one Para£o ^ehyde 

Cytotoxicity Assay 

5 - • mU WWWnit-ln a. Approximately l 6 ,„ u 

Prior to the CTL assay, t^et cell7 (Cl^! „.V k ° U ™ 
EBV-transforsed llnei) Bere I Batched 

•»"»■• * " «,/„! total peptide P "" M,ee « 

< H ™) . then incubated at 3Tc f™- 1 .. 
*Wf were washed , tiM „ {1 „ .j.J^f" * *~ °" » 

lulling. SO M/target ws counCed ^ ""° 1W,e5r « 
automatic aama counter) . Micro^dic 

c CT t i nffl»ng . Target cells were .^j,.^ .. ^ 
— 50 M or the cell culture was TdU " *" 2 * loS '« 
"-bottom plate (Coit 7* ° f * 

concentration of 1 x „ VmU . KsTciu. J " 

tinal concentration of 2 x ioVv.ll £™ * < " Med «« • 
"suspended at 9 x 10 6 /»1 «. Wa *hed once, 

P~for„d for' £ .ctrt .tLT? dU,,tiOM 

««Ponder celle^r.^ 30!l ' 
»1 in duplicate wu«. ,„ " " Med 10 « vol "»« of loo 

ladled ta^et cell, s^! ~ 6 T ™ 50 «'»«" * 

•*>ed. Plat.. V ere centrifuL f ^ , W3tl °° <"•-> 
Gloving . s hour incubat^lt "p^" " «~ 
•Sin for 5 .inute. .t i 200 ». 'J;/ 1 *" Btte ""trltuged 
«P«n.tant wae coUected/ "° « 

«icro«dic automatic ,„» "untin, technigu.. 

«~ to^detenaine the .^Sio LST^' 
'"^ * «^«c lysis - =pn exper w^ <° 
"lease/cpn maxinum release - o™ " «*■ spontaneous 

cp» spontaneous relMee x 1M 
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A cytotoxicity assay (CXL assay, was considered positive if 
the lysis by CIL of targets sensitized with a .JLi* " 
«t the two highest effector to target " ^ 

neater than lysis of control t«£ts i'e T . 

5 • * cno^icitTJL ^ r:; r s 

considered borderline if the lysis by CTL of tergeL 
sensitized with a specific peptide at the twoTiIT\ 
to target ratios was « ,r„ter t£ lyL oTl^r" 
target, (i.e. , target cell, without pepSd.T "* 

a. Jesuits. Of the peptides that bind to th. t „, 
•"el... 9 of ^ „ «** to the indicated 

3 of the a 5 HCV peptides. and 2 ^'the 2, £ peo^I " PtldM ' 
to date induced primary CTL in vitrT I Peptl ' ies tes ted 

illustrating « respZeeTtf^ i^"^^ 
15 ■ hOW ' for «« («»ur. 22, . HIV (rlgur. 2^ H« ,» 
«d HBV (Figure 2,. Tho CTL inductZ dat^'.^ 
Table 24 which lists the i^^unogeS pe^tW "''^"'^ *" 
the appropriate „,c and induce pr^ ^ ^ ^ <" 
Indicated is the n o«*-^ . Y £lj in vitro. 

illustrate lysis of peptide ^ ^ t ".1^ 20 
targets following stiuslation with 8^-1^^ T e " do9eBOtt0 
loaded with a mage j „.„,.,., 1 motivated PBHce 

» strip loading technique Zf. ^ ~" °' «" 

t«perature incubation technique (panel b, 
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TABLE 13 

VALIDATION OF CYTEUS HLA MOTIFS 



Binding Capacit y (IC 50 nM> 
Sequence Motif Al 



A2.1 



AADKAAAAY Al 

ATAKAAAAY Al 

ATDKAAAAY Al 

10 ALAKAAAAV A2.1 

AHAAAAAAK A3. 2 

ATAAAAAAK Ail 
AYAKAAAAF 



50 
15 
2*8 



A3. 2 All 

329 77 
9250 640 



125 



46 

59 



A24 



*5 »A dash indicat 



e * an XC 



A24 



NO 



8.4 
40 



115 



SO 9reacer than 20.000 nM. 



20 



TABLE 14 



validation of cvtel-s hla motifs 



25 



30 







Binding Capaci 


SEQUENCE 


MOTIF 


Al 


MDKAAAAAY 


Al 


45 


ATAKAAAAAY 


Al 


58 


ATDKAAAAAY 


Al 


4.0 


ALAKAAAAAV 


A2.1 


NO 


AMAAAAAAAK 


A3. 2 


NO 


ATAAAAAAAX 


All 





A2.1 



1400 



* A dash indicates an ir 

IC S0 gr„ cer cha „ 2() fl00 ^ 



A3. 2 

1100 
10000 

85 
216 



All 

1030 
4533 

24.0 

as 
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TA8LE 15 
HLA-A3.2 



WO 94/03205 



PCI7US93/07421 



90 

TABLE 16 
HLA-AX1 
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10 



15 



TABLE 17 
HLA-A24 
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TABLE 18 



HLA-A1 



10 



15 



20 



25 



30 



PEPTIDE 
982.0U 
982.07 

982.09 
982.13 
982.08 
954.09 
954.11 
954.13 
982.10 
982.11 
982.12 
982.1« 
982.15 
982.16 
982.17 

982.24 
982.23 
982.28 
982.32 
982.25 
982.26 
982.27 
982.30 
982.31 
982.29 



ATDKAAAAY J 

ATAKAAAAY J 

ASAJCAAAAY 
AMAJCAAAAY 
AAAKAAAAY 
AIAKAAAAY 
AIAKAAAAY 
AVAKAAAAY 
AKAJCAAAAY 
AKAKAAAAY 
AOAJCAAAAY 
AGAKAAAAY 
APAJCAAAAY 
AYAJCAAAAY 
AHAKAAAAY 

ATAKAAAAA 
ATAKAAAAF 
ATAKAAAAH 
ATAKAAAAV 
ATAKAAAAM 
ATAKAAAAO 
ATAKAAAAW 
ATAKA AAAK 
ATAJCAAAAI 
ATAKAAAAP 



Motif 
X 

0.17 
0.095 
0.0064 
0.004S 
0.0045 
0.0020 
0.0011 
<0.0001 
<0.0001 
<0.0001 
<0,0001 
«0.0001 
<0.0001 

0.0040 
0.0019 

o.ooio 

O.0005 

<o.oooi 
<o.oooz 
<o.oooi 
<o.oooi 
<o.oooi 

<0.0001 



positi on 2 
110 0 in pos 3 



Position 9 
no D in pos ^ 
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TABLE 19 



KLA-A1 
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TABLE 20(A) 

HPVI6 E6 AND E7 PEPTIDES BINDING TO HLA-A1 



lb 



15 



20 



Orgin 



First aa 
Position 



Sequence* 



Binding Ratio 
to Standard: 



E6 


80 


se 


69 


B7 


44 


E7 


37 


E7 


19 


E6 


144 


E7 


73 


E6 


139 


EC 


61 



3.S00 

0.240 

0.029 

0.025 

0.023 

0.019 

0.014 

0.010 

0.008 



Motif 
Prediction 



XSEYRHYAY 
VADKALKFY 
0AEPORAHY 
EI0GPAGQA 
TTDLYAYEQ 
KSAARSSRT 
HVDIRTLEO 
HTURAMSAA 
WOGNPYAV. _ 

Bold A* a indicate residues in whi cn cysteine " ' 

are peptides yielding racio / * 3 ° *■ "«ed in t*e tafcle 

yielded ratio values of .0.001. ° C,ler «idaa 
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Origin 

£6 
E6 
E7 
£6 
EC 



TABLE 20(B) 

HPV16 E6 and E7 Peptides Binding to HLA-A1 ? 



EC 

EC 

E6 

EC 

E7 

E6 

E6 

EC 

E7 

EC 

E6 

EC 

EC 

E6 

EC 

. EC 

f 

EC 
E7 
EC. 
EC 
E7 



Firsc aa 
Position 

107 

59 

69 

33 
125 
143 

7 

93 
37 
51 
• 145 
75 
89 
52 
80 
42 
68 
97 
79 
84 
C9 
14C 
58 
38 
C7 
CO 



Sequence* 

LIRAINAQK 
IVYRDGNPY 

IVAPIASQK 
IXLEAVYAK 
KLDKKORFH 
AMSAARSSR 
AMFQDPOER 
TTLEOOYNK 
AVYAKQOLL 
HWXVTFAA 
SAARSSRTR 
KFYSKISEY 
SLYGTTLEQ 
TMJVTFAAK 
ISEYRHYAY 
QOLLRKEVY 
AVAOKALKF 
OOYNKPLAO 
KISEYRHYA 
RHYAYSLYG 
VADKALKFY 
AARSSRTRR 
AAJCAOSTLR 
VYAKQOLLR 
YAVADKALK 
KADSTLRLA 



Binding Racio 
to Standard: 

3.7000 
3.0000 
2.2000 
1.5006 
0.4400 
0.1800 
0.1000 
0.0780 
0.0320 
0.0210 
0.0200 
0.0100 
0.0080 
0.00C7 
0.0064 
0.0058 
0.0056 
0.0045 
0.0044 
0.0036 
0.0025 
0.0020 
0.0016 
0.0012 
0.0012 
0.0012 



Motif 
Prediction 



I Bold A's indicate ~" 7 0-0012 

*» Peptides yieldinl r*?^ 1S , table was *<>x3 £2 ot e „e 

Welded «c lo y v a }J^ o r» o 0 -^e of , 0 .o 0l l3 ft oSS*^ 
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E7 

E6 

B6 

E6 

E6 

EG 

E6 

E7 

E6 

E6 

EG 

E6 

E7 

E6 

Efi 
E6 
E6 
E7 
E7 



89 
7 
59 
00 
37 
14S 
107 
58 
42 

143 

79 

€7 

52 

68 

69 

38 
140 
90 
51 



I X LEA V YAK 
TTLEQQYNK 
IVAPIASQK 
AMFQDPOER 
IVYRDGNPY 
1SEYRHYAY 
AVYAKQOLL 
SAARSSRTR 
CXRAINAQK 
AAKAOSTLR 
OOLLRREVY 

AMSAAR55R 
KXSEYRHYA 
YAVAOKAUC 
YNIVTFAAK 
AVAOKALKF 
VADKALKFY 
VYAKQOLLR 
TGRAMSAAR 
VAPIASQKP 
HYWIVTFAA 



6.7000 
1.8000 
1.3000 
0.8400 
0.4700 
0.4300 
0.0450 
0.0330 
0,0120 
0.0110 
0.0084 

0.0084 
0.0076 
0.0074 
0.0060 
0.0037 
0.0030 
0.0022 
0.0012 
0.0012 
0.0010 



(♦>* 



experiaenls coSiidereS iJ t2- Ss? e "" dart in che of the 

Braek^. * C i° values o£ «0.001. All other peptides 

Brackets xndicace score according to adjusted «„. 
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10 



15 



20 



15 



Orgln 



E6 
E6 
E6 
B7 
B6 
B6 
B6 
B6 
E6 
E6 
E6 
B6 
Bold A* 



Table 20(D) 
HPVI6 E6 and E7 Peptides Binding to HLA-A24 



First aa 
Position 

87 

72 
131 
49 
49 
82 
26 
66 
1 

85 
44 
38 



Sequence" 

AYSLYGTTL 

KALKFYSKI 

RFHNIRCRW 

RAHYNIVTF 

VYDFAFROL 

EYRHYAYSL 

t-orriHDii 

PYAVADJCAL 
MHQKRTAMF 
HYAYSLYCT 
UJtREVYDF 
^VYAKQQLLR 



Binding Ratio 
co ScandardX 

0.1200 
0.1100 
0.1000 
0.0670 
0.0810 
0.0460 
0.0200 
0.0055 
0.0049 
0.0037 
0.0023 
0.0011 



Motif 
Prediction 



Mi 



M« 



indicate residues in vhich cysteine v«. r.„i I 

smss suss ff ~ - ~ • " t r - 

ackets indicate score according to adjusted «ocif . 
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Peptide id / 

777.03 
10 924.07 

927.32 

938.01 

939.03 

941.01 
15 1044.04 

1044.05 

1044.06 



Table 25 a 
Peptides Synthesized 
by cytel For Loading 
Onto Acid Stripped 
Autologous PBMCs and 
PHA Blasts 
Antigen 
HBs 
HBc 
HBp 
MAGE 1 
PSA 
HBC 
PAP 
PSA 
PSA 



Sequence 
FLLTRILTI 
FLPSDFFPSV 
GLYSSTVPV 
EADPTGHSY 
VLVHPQWVL 
FLPSDYFPSV 
ILLWDP1PV 
KLQCVDLVHI 
MLLRLSEPAEL 



20 Table 25 b 

Cell Population 



25 



JY acid stripped 
JY acid stripped 
JY control 
JY control 



" 5 I-Labeled 
Peptide +/- Cold 
Peptide 

- cold peptide 
+ cold peptide 
-cold peptide 
+ cold peptide 



cms 

+/- std. dev. 

3553 ± 157 
13 

370 ± 37 
50 



n - 
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WHAT IS CLAIMED T« r 



1. A composition comprising an immunogenic peptide 
having a HIA-A3.2 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C- terminus: 

a first conserved residue selected from the group 
consisting of L, M, I, v, s, A, T, F, C, G, D and E; 

and a second conserved residue of K, R, y, H and P; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



2. The composition of claim 1, wherein the first 
conserved residue is at the second position from the 

N- terminus* 

3. A composition comprising an immunogenic peptide 
having a HLA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, s and M; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of Y; 

wherein the first and second conserved residues are 
adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 

4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 
N-tenainus . 

5. A composition comprising an immunogenic peptide 
having a HIA-A1 binding motif, which immunogeni peptid has 
between about 9 and about lo residues and the following 
residues, from the N-terminus to the C-termi„us: 

x a first conserved residue of T, s and M; and 
a second conserved residue of y ; 
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0 



wherein the first and second conserved residues are 
separated by 6 to 7 residues.. 

6. The composition of claim 5, wherein the first 
conserved residue is at the second position from the 
N-terminus and the second conserved residue is at the ninth or 
tenth position from the N-terminus. 

7. a composition comprising an immunogenic peptide 
having an HLA-Al binding motif, which immunogenic peptide has 
between 9 and about 10 residues and the following residues 
from the N-terminus to the C-terminus. ' 

a first conserved residue of D, E, A, S and T; and 
a second conserved residue of Y; 

fi _, /^"^ f±rSt Md Eecond conserved residues are 
separated by 5 to 6 residues. 

8. The composition of claim 5, wherein the first 
conserved residue is at the third position from the N-te^L, 
and the second conserved residue is at the ninth or tenth 
position from the N-terminus. 

9. a composition comprising an immunogenic peptide 
having a HLA-All binding motif, which peptide has betwe^ 

TUT T 10 reSldUeS ^ f0llWi ^ from 
the Nterminus to the C-terminus: 

a first conserved residue of L, I v & c «i» «. 
Q, C, F, D , E; and ' ' V ' A ' S ' 

a second conserved residue of K, R, H; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. . residues are 

10. The composition of claim 9, wherein th. - 
conserve re.iaue „ « Becond ^jJZ?* «~ 
N-terminus. 

\ 

11. A composition comprisina an 
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has between about 9 and about J.0 residues and the following 
residues, from the M-terminus to the C-terminus: 

a first conserved residue of Y, F, W; and 
a second conserved residue of p, i, i f r m . 
5 wherein the first and second conserved residues are 

separated by 6 to 7 residues. 

12. The composition of claim n, wherein the first 
conserved residue is at the second position from the 
N-terminus. 



13. A composition comprising an immunogenic peptide 
having an HLA-A3.2 binding motif, which immunogenic peptfde 
has 9 or 10 residues: 

a first conserved residue at the second position 
selected from the group consisting of A, I, l, m , T, and v 
and a second conserved residue at the c terminal postion ' 
selected from the group consisting of K and R. 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

14. A composition comprising an immunogenic n«m*Hrf«, 

a o?™" Ai1 r ing Botif - which ^^^i 

9 or 10 residues and the following residues, from the 
N-terminus to the Cterminus: 

the M i- \ f lTCt COn8erVed resldue at «»e second position from 
the N terminus selected from the group consisting of A , x L 
H, T and V; and ' ' 

a second conserved residue at the C terminal „ 
-elected from the group consisting of K, " ^ 

8eDaratprt t er f n ^ firSt ^ 8eC ° nd served residue* are 
separated by 6 to 7 residues. 

15. A pharmaceutical composition comprisino a 
Pharmaceutical^ acceptable carrier and ■ 

—xaues, ta ^ H-terxinus to the C-te»i„us 
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a first conserved residue selected from the group 
consisting of L, M, I, V, s, a, t, F, C, G, D and E; and 

a second conserved residue of K, r and y; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

16. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C- terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, s and T; 
a third conserved residue of Y; 

wherein the first and second conserved residues are 
separated by 1 residue and the second and third conserved 
residues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-ai binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C- terminus: 

a first conserved residue of T, s or M; and 

a second conserved residue of Tyr; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

18. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an immunogenic peptide 

9 and g aLT: A1 ^ «** ^ween a£ut 

t and about 10 residues and the following residues, from the 

terminus to the C-terminus: 

a first conserved residue of D, E, S, T; and 
x a second conserved residue of Y; 

wherein the first and second conserved residues are 
separated by 5 to 6 residues. 6 
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19. 



A pharmaceutical composition comprising a 
pharmaceutical!, acceptable carrier and an immunogenic peptide 
having a HIA-A24.1 binding motif, which peptide has 
a first conserved residue of y, F , W; and 
5 a second conserved residue of f, I, l, w, or m- 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

,n , , 2 °' * neth0d ° f identifvin * an immunogenic peptide 

10 comprising the following steps: 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC class I allele; 

screening an amino acid sequence o'f an antigenic 
protein for the presence of the binding motif 

the bindinVmotuT ' *" ~» having 

• i . P**P*ri»* a test peptide of about 8 and about n 
residues comprising the selected subsequences; 

0 tcth, -I*™*** ^"ty of the test peptide to bind 
to the preselected MHC allele and induce . CTL response 
thereby identifying immunogenic peptides 
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YM3 filtration, 3kD cut-off 
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Figure 1 




Figure 2 
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TItrt of 941.12 vi A12 
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*i«ttrt 5 
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figure 6 



WO 94/03205 



7/25 



PCT/US93/07421 



Titer of 940.06 




*** Inhibitor 



figure 7 



WOSW/03205 



8/25 



PCT/US93/0742I 




figure 8 



WO 94/03205 



9/25 



PCT/US93/0742I 




Figure 9 
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Figure 12 
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Figure 14A 
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Figure 15 
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Figure 16 
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Figure 18 
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Figure 20 



Cytotoxic Activity of an HLA-A 1 -Restricted CTL Line 
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Figure 25 
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